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Everyhody's Talking ahout This 
New GE Air Circuit Breaker 


They like the speedy arc 


quencher — which has staggered 
pins that break up the arc for quick 
extinction and cooling. This remark- 
able quencher snuffs out arcs in one 
cycle or less. 


GENERAL 


—and the dual overcurrent 


trip — which discriminates between a 
harmless overload and one which would 


Operating mechanism 
(A), arc quencher (B), 
and dual overcurrent 
trip (C) 


be injurious to equipment or 
personnel. It is, in fact, one 
mechanism that performs two 
functions. One provides time- 
delay tripping for normal 
overloads; and the other, instantan- 
eous tripping for dangerous overloads 


above ten times normal. 


You can mount this breaker in 
several convenient ways: 
—Enclosed with pull box on a wall 
—Enclosed on a panel 

—-On live-front switchboard 

—On dead-front switchboard 


Try it and you will swear by it. 
Available for 600 volts a-c, 250 
volts d-c, 15 to 600 amp, 20,000 
amp interrupting rating. ELEC- 
TRICALLY OR MANUALLY 
OPERATED. Bulletin GEA-2450. 
General Electric Company, 
Schenectady, N. Y. 
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Not a lobster, but electric breakdown 

progressing through a rock-salt crystal, 

~© as seen by a visual method which gives 
a new insight into the breakdown 

mechanism of solid and liquid lap tes 

on 
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High Lights 


Earnings of Engineers. Statistics based 
upon monthly earnings of engineers sug- 
gest conclusions different from those de- 
duced by an analysis of the annual earnings. 
A continuation of a comprehensive survey 
of employment in the engineering profession 
shows marked differences in earnings within 
each professional class, and within each 
group classified on the basis of educational 
background (pages 1450-60). 


Winter Convention. An enlarged program 
will feature the AIEE 1938 winter conven- 
tion to be held January 24-28 in New York, 
N. Y. Tentatively, 66 papers have been 
scheduled to be discussed in 16 technical 
sessions. The program will include also 
several addresses and technical conferences, 
and a post-convention cruise to Bermuda 
(pages 1516-17). 


Co-operation Among Societies. Two years 
of successful operation attest to the effec- 
tiveness of the co-operative action that re- 
sulted in the organization of the Technical 
and Scientific Societies Council of Cincin- 
nati, Ohio, which brings together ten organi- 
zations comprising some 1,500 members 
(pages 1525-6). 


Trolley-Coach Operation. The so-called 
“trackless trolley” has been adopted for 
public transportation in more than 30 cities 
in the United States, and in Europe. Some 
operating experiences with trackless trol- 
leys on systems situated on opposite sides of 
the United States have been summarized 
and are presented in two papers in this issue 
(pages 1461-3 and 1483-6). 


Oil Oxidation. Separate studies of the 
effect of equal amounts of air and of ni- 
trogen in cable paper impregnated with 
oil, of the oxidation behavior of the oil alone 
and as affected by paper and metal, produce 
new information regarding the progressive 
changes of electrical characteristics of oil- 
impregnated cables (pages 1492-1501). 


American Engineering Council. Recom- 
mendations for a public works department, 
and discussions of mapping by government 
agencies and of scientific research legisla- 
tion now under consideration by Congress 
were included in the current ‘‘News Letter’”’ 
of American Engineering Council (pages 
1526-7). 


The Dielectric Circuit. Electrostatics and 
the theory of the dielectric circuit frequently 
are confusing to students of electrical en- 
gineering. A teacher, who is renowned 
among his own students for his ability to 


make abstruse subjects lucid, has presented 
the fundamentals of dielectric-circuit theory 
in graphic style (pages 1454-40). 


Institute Directors Meet. At the October 
28 meeting of the AIEE board of directors, 
the budget for the year 1937-38 was adopted, 
representatives on joint organizations 
and committees were appointed, a revised 
publication policy was adopted, and other 
questions of importance to the membership 
discussed (page 1518). 


1937 Index ..... 1537 


On the 20 pages beginning with page 
1537 of this issue is published the 
annual reference index, listing some 


2,200 entries, covering all text ma- 


terial published in ELECTRICAL 
ENGINEERING during 1937. 
Special information regarding the 
index is given on page 1537. 


Insulation Committee Meets. The tenth 
annual meeting of the committee on elec- 
trical insulation of National Research Coun- 
cil was characterized by the usual spon- 
taneous aud informal discussion, and re- 
flected the continuing advance of research 
in dielectrics (pages 1520-2). 


United Engineering Trustees. Officers were 
elected and annual reports presented at 
the annual meetings of United Engineering 
Trustees, Inc., and the Engineering Founda- 
tion; the annual report of the Engineering 
Societies’ Library also was _ presented 
(pages 1527-30). 


Stray-Load Losses. A method of meas- 
uring the stray-load losses of d-c machines, 
which is described in a paper in this issue, 
is adaptable to the testing departments of 
manufacturers, and requires no_ special 
equipment (pages 1487-91). 


Switching Surges. The magnitude and 
characteristics of abnormal voltage tran- 
sients accompanying operation of load-ratio 
control cotractors on power transformers 
have been studied both experimentally and 
theoretically (pages 1464-75). 


Telephone Research. Transmitters and 
receivers have been developed to their pres- 
ent high quality by research which includes 
an extensive analysis of the composition of 
speech sounds and the study of hearing 
(pages 1441-8). 


Exposition Lighting. Plans for the illu-- 
mination of the Golden Gate Exposition in 
1939 reveal the large part that lighting will 
play in novel forms at this $50,000,000 fair 
(page 1449). 


Institute Budget. The AIEE budget, as 
adopted by the board of directors for the 
year 1937-38, provides for a broadening of — 
several essential services to the member- 
ship (pages 1433; 1522-4). 


Noble Prize Awarded. For the third time 
since its establishment in 1931, the Alfred 
Noble prize has been awarded to an AIEE 
member (page 1519). 


Multiple Unbalances. The solution of a 
network containing a multiple unbalance 
may be simplified by the use of a network 
analyzer (pages 1476-82). 


Letters to the Editor. A rotor-flux-locus 
concept of single-phase induction-motor 
operation is discussed in this month’s 
“Letters’’ section (page 1531). 


New AIJEE Section. The Institute’s 64th 
Section recently was organized at Tulsa, 
Okla. (page 1518). 


DISCUSSIONS 


Appearing in this issue are discussions 
of the following papers: 


Electrical Machinery 


The Saturated Synchronous Machine—Robertson 
Rogers, and Dalziel 1502 


Electric Ranges 


Heat Transfer Efficiency of Range Units—Walsh . 1512 


Protective Devices 


Surge Protection of Distribution Systems—Hod- 

nette and Ludwig 1503 
Distribution Lightning Arrester Performance 

Data—Subcommittee Report 1507 
Expulsion Protective Gaps—Rudge and Wade. . 
Flashover Characteristics of Rod Gaps and Insula- 
tors—EEI-NEMA Joint Committee Report 1510 

Relay Operation During System Oscillations— 
Mason 1513 

Capacitance Control of Voltage Distribution in 
Multibreak Breakers—Van Sickle 1514 
The Ultrahigh-Speed Reclosing Expulsion Oil 
Circuit Breaker—Schwager 
A Comprehensive Method of Determining the 
Performance of Distance Relays—Neher 1515 


Transmission and Distribution 


Lightning Currents in 132-Ky Lines—Sporn and 
Gross 1511 

Probable Outages of Shielded Transmission Lines 
—Waldorf 1511 
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o the Membership: 


directors adopted the budget for the year end- 
ing September 30, 1938, the details of which are 
covered on pages 1522-4. There are some phases of the 
cs consideration of the budget which seem of special 
interest. 

The broad operations of the Institute have been con- 
ducted in an excellent manner and the modest surplus 
accumulated over a period of years shows 
an encouraging trend—a commendable 
showing especially as the essential services 
to the membership have been maintained 
at a satisfactory level. A few years 
back, here and there some curtailment 
of expenditures was necessary; but 
through constructive co-operation and 
sympathetic understanding of the mem- 
bership at large, interest in the affairs 
of the Institute was sustained and activi- 
ties broadened, even during these years. 

The budget for the current year as- 
sumes that revenues will increase $10,000 
as contrasted with last year and that 
expenditures will increase $30,000 over 
the same period. Total revenues are ex- 
pected to be $299,500 and expenses $299,000—practically 
nothing to be carried over to surplus. 

Some in the membership may question the wisdom at this 
time of planning expenditures on such a liberal basis and 
so close to the estimated income. The board recognized 
this but thought it proper, all things considered, to 
broaden several of the essential services. With the in- 
terest of the membership so great, and with so much 
voluntary effort being expended in behalf of the work of 
the Institute, it seemed clear that increased appropriations 
for some activities would produce substantial benefits. 

In considering the expenditures it will be realized how 
well they are directed toward the fulfillment of the two 
objectives for which the Institute was created and exists: 
‘ _ , the advancement of the theory and practice of elec- 
trical engineering and of the allied arts and sciences and 
the maintenance of a high professional standard among its 
members.”’ A considerable part of our activity centers 
about our publications and meetings. These activities 
not only satisfy the first objective but, in addition, the 
free interchange of information and the personal contacts 
which they provide are an important contribution toward 
the second objective. More money will be spent this 
year than last on publications and on national, District, 
Section, and Branch meetings. It is interesting to note 
that what we pay for is the machinery by means of which 
we receive a continuous flow of invaluable information 


A’ ITS MEETING on October 28 your board of 
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The AIEE 1937-38 Budget 


and, in turn, impart to our fellow members information of 
value which we possess. We pay nothing for the informa- 
tion—we pay only for the paper, the printing, the meeting 
places, and the other means through which we obtain and 
discuss the information conveniently. A new publication 
policy which is to be put into practice next month and 
which is expected to make the publications of even greater 
value, already has been described in the November issue 
of ELECTRICAL ENGINEERING. 

The Institute’s objectives are also ad- 
vanced through the contributions made 
for the support of the American En- 
gineering Council, the Engineers’ Coun- 
cil for Professional Development, the 
American Standards Association, the En- 
gineering Societies’ Library, and similar 
organizations through which the Institute 
co-operates with other national engineer- 
ing societies in considering and acting on 
matters of common concern to the engi- 
neering and allied technical professions. 

Every member of the Institute will get 
something of value from the sum total of 
expenditure no matter where he may be 
located. However, it is those who ac- 
tively take part in the Branch, Section, and other Institute 
affairs who will get the greatest value. Let each of us read 
the publications, go more often to meetings, enter more 
actively into the discussions of talks and papers, and par- 
ticipate in the business of the committees to which we 
may belong. We will find that there is hardly an activity 
of any kind within the scope of the professional interests of 
an electrical engineer in which the Institute is not engaged 
through its committees and relations with other bodies. 

We have undertaken an ambitious budget of expendi- 
tures. Your board is mindful too that still further ex- 
penditures could be made to advantage. Our principal 
source of income is from members in the form of dues. 
To assure the carrying out of this year’s program and to 
make possible an ever broadening range of desirable 
activities, an increase in membership rolls is essential. 
Consideration of the budget makes this evident. I 
earnestly ask your continuing support toward this end. 


-f-f- 
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HERE IS AWN ancient 

proverb that says in 

part: “he who is first 
shall be last.” This phrase 
seems to have some applica- 
tion to the subject of electro- 
statics. Until Galvani and 
Volta made the discoveries 
that ‘‘galvanized”’ the subject 
of electrodynamics into life, at 
about the same time the pres- 
ent form of constitutional gov- 
ernment was being born in the 
United States, the world’s 
knowledge of electricity, and 
its effects, was confined pretty 
much to the subject of electro- 
statics. The versatile and 
questioning Franklin made 
many forays into this field of 
thought and his feat of flying 
a kite during a thunderstorm 
is known to every school boy. 
But with the discovery of 
the voltaic cell in the 
passing days of the eight- T h 
eenth century came the 
great developments in 
the field of electrody- 
namics, which for a cen- 
tury completely overshadowed 
almost everything pertaining 
to the subject of electrostatics. 
True, lightning remained as a 
manifestation of natural elec- 
trostatic activity, and some 
use was found for capacitors and similar electrostatic 
apparatus, but a general interest in electrostatics and the 
dielectric circuit was quickened only when such interest 
was demanded by the more complex problems in te- 
lephony and radio, and by the insulation and other electro- 
static problems associated with high-voltage apparatus. 

Few indeed were the electrical-engineering curricula 
that contained any but the most meager courses of in- 
struction in electrostatics 25 years ago; but today this 
neglect is not so general. As students in physics and in 
beginning courses in electrical engineering most of the 
readers of this article devoted some little time to studies 
of the dielectric circuit. Unfortunately it seems to be a 
subject about which the average seniors in electrical 
engineering—yes, even most of the engineers engaged in 
the ordinary routine work of the electrical engineer— 
have almost unlimited powers of forgetfulness. In the 
hope of paving the way, as it were, for a flying start in 
further studies of transmission lines and problems con- 
cerning high voltages this brief review of some of the 
elements of electrostatics and the dielectric circuit has 
been prepared. 
In the space available it is not possible to give credit to 

all those deserving it. Also, from a strictly rigorous 
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Ewing—Dielectric Circuit 


The dielectric circuit is a baffling 
enigma to many undergraduate 
students of electrical engineer- 
ing; indeed, to many engineers 
whose work is not intimately 
concerned with it. This outline 
of some of the elementary no- 
tions regarding electrostatics and 
the dielectric circuit is presented 
here because of its possible 
interest and value to students and 
others wishing to review the 
subject with the aim of attaining 
a working knowledge of it. 


point of view, some readers 
may wish to question the 
methods and the accuracy of 
some of the illustrations used 
in this review. Be that as it 
may, the immediate object is 
to arrive at a reasonable 
working knowledge of 
the dielectric circuit, and 
the finer distinctions may 
well be left for argument 
at some other time. 

For convenience, and 
for the purpose of securing a 
bird’s eye view of the realm of 
electrostatics, the accompany- 
ing ‘‘tabloid’”’ presentation of 
the subject has been arranged. 

As a foundation for this 
discussion, almost all knowledge of the dielectric circuit 
may be said to be based upon the 5 fundamental laws 
contained in the first ‘‘box” of the tabloid presentation. 
Now these “‘laws,’’ as most readers well know, are not 
written on the statute books of this or any other country. 
They are compilations of bits of fundamental truth refined 
from the elementary discoveries of many investigators. 
They are all based on knowledge experimentally deter- 
mined. Whether or not they may be determined by 
rational processes instead of experimentation is a subject 
that is left to the physicists. For the present these laws 
will be considered ‘‘constitutional,” at least until thrown 
aside by the high court of rigorous scientific research. 


uit 


Written especially for ELECTRICAL ENGINEERING, this article presents the 
essence of a review lecture delivered by the author to a group of senior electrical- 
engineering students at Purdue University. 


D. D. Ewine is professor of electrical engineering at Purdue University, Lafa- 
yette, Ind. A native (1883) of Vanlue, Ohio, he was graduated in electrical and 
mechanical engineering from Ohio Northern University in 1906, following which 
he spent a year in telephone and railway work. In 1907 he was appointed to 
the faculty of Ohio Northern University as professor of electrical and mechanical 
engineering, and remained in that position until 1913, when he became assistant 
professor of electrical engineering at Purdue University. Subsequently he 
became associate professor, and received his full professorship in 1918. Besides 
his regular teaching duties, Professor Ewing has devoted much time to consulting 
engineering work. _He is co-author of a textbook and author of many papers on 
electric tailway engineering. He has been a member of the Institute’s committee 
on electric welding since 1932, and is a member of the committees on power 
transmission and distribution, and transportation. 


ELECTRICAL ENGINEERING 


These basic principles are, or should be, well known to 
everyone who has studied even an elementary course in 
physics. Misunderstanding comes when one desires to 
make use of this basic knowledge in the solution of the 
ee problems with which the engineer is familiar as 
part of his daily routine of duties. 

"The first law, namely, the law of electrostatic attraction, 
or repulsion, has been known for many years. The lan- 
guage and symbolism used in describing this law are, of 
course, recent; but the basic idea has been known for 
ages. Probably some cave-man ancestor of ours dis- 
covered it on a frosty day long ago when he stroked the 
back of some member of the cat family, which he was 
trying to tame. Thales, the Greek, wrote of the effect 
fof rubbing amber in 600 B.C. and possibly others had 
noticed the effect and even written about it long before 
the time of Thales. 

_ Coulomb, a contemporary of Washington and Franklin, 
making use of the first law, discovered the second law, 
which bears his name. The third law is not as well 
‘known as Oersted’s discovery of a similar principle in 
electromagnetics but is just as true. Many readers have 
witnessed its demonstration—the usual procedure being 
to energize at high voltage a wire projecting upward 
through a horizontal pane of glass. Mica.chips or bits 
of cotton lint scattered over the glass promptly arrange 
themselves in radial lines as shown in figure 1. The 
arrowheads in these figures indicate the direction of force 
action. 

That the forces of electrostatic attraction, or repulsion, 
are greater in some media than in others was known to 
several of the earlier investigators in electrical science. 
In some dielectrics a given charge of electricity may pro- 
duce from one to 10 times the force action that is produced 
in air (see the fourth law). 

Like the law of attraction, or repulsion, the law of 
electrostatic induction (fifth law) has been known, in 
effect at least, for many years. Its scientific observation 
and formulation, however, belong to a more recent date. 
Other laws and effects of importance might be enumerated, 
but at the moment and for the present purpose, the groups 
of discoveries formulated in the “‘box’’ of basic laws seem 


(a) ib) 


Sketch of the dielectric flux lines around conduc- 
tors carrying current 


Figure 1. 


(a)—Electrically positive conductor 
(b)—Electrically negative conductor 
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Figure 2. The ‘‘tree’’ of dielectric laws and concepts 


most important. From these experimental laws several 
concepts and definitions have been set up by the physicists. 
These are necessary in order that the engineer may be 
able to formulate his problems in electrostatics. By way 
of illustration the basic laws might be likened to the pri- 
mary roots of a great tree as shown in figure 2. Growing 
out of these roots comes the “trunk” of definitions and 
concepts, and out of the trunk grow the ideas and formulas 
needed in the specific fields of practical application. The 
most useful of these concepts are placed in the second 
“Dox” 

The unit-charge concept comes directly from the first 
2 laws, a unit charge of electricity being assumed to be of 
such magnitude that 2 similar unit charges placed one 
centimeter apart would repel each other with a force of 
one dyne. Here everything, it will be noted, is on a 
“unit” basis. 

In order to determine the ‘‘strength” g of a given field 
at a specified point, someone had the happy thought of 
placing a unit charge at that point and measuring the 
resulting force action. This concept of field intensity is 
based on the second law and is most useful in the formula- 
tion of problems, although no one ever attempts in a 
practical way to measure a unit charge, place it in an 
electrostatic field, and then with some sort of spring scale 
or balance measure the resulting force action. 
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Ewing—Dielectric Circuit 


DECEMBER 1937 


Whatever the invisible and mysterious thing is that 
surrounds a charged wire produces force action on elec- 
tric charges. To assist in the visualization of this 
phenomenon Faraday’s concept of lines of flux may be 
used, drawing a line per square centimeter for each dyne 
of force action (third concept). Since at any point distant 
one centimeter from a unit charge concentrated in a 
point the force is one dyne, and since a sphere of unit 
radius has an area of 47 square centimeters, it follows that 
the field around a unit charge may be represented by 47 


Figure 3. Sketch of the component fields surrounding the 
conductors of a single-phase circuit 


lines of flux, the lines radiating from the charge like the 
spines of a sand bur (concept number 4). If, instead of a 
unit charge, the charge be of g units, the total flux will be 
47q lines and the flux density (concept number 6) will be 
the total flux W divided by the area, or D = W/A lines per 
square centimeter. JD, it will be noted from the previous 
discussion is equal numerically to the number of dynes of 
force acting on a unit charge in air and in this case is also 
numerically equal to g. 

In certain media a given charge of electricity produces 
more force action than does the same charge in air. To 
illustrate, the charge that will produce a field intensity of g 
and a flux density of D in air will produce K times this 
flux density in a specific medium. This, of course, is an 
exemplification of the fourth basic law. The factor K is 
called the dielectric constant and corresponds to specific 
conductivity in the electric circuit and to permeability in 
the magnetic circuit (as B = wH). It is apparent from 
this discussion that the dielectric constant of air is unity. 
Someone who wishes to attain fame might achieve his 
wish if he were to discover some natural or synthetic 
material of which the dielectric constant is as much greater 
than the dielectric constant of air as the permeability of 
even a low grade of steel is greater than the permeability 
of air. 

When a one-pound weight has been lifted through an 
elevation of 10 feet, 10 foot-pounds of work has been done. 
That is, the work done is equal, numerically in this case, 
to the elevation. This simple deduction produces an idea: 
The height of a mountain could be measured by determin- 
ing the amount of work done in elevating a given mass 
from the datum plane to the summit of the mountain. 
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Not a very good idea, the reader may say, because no good 

instrument for measuring the work is available. The 

idea is all right but the trouble is in the instrumentation. | 
Now this idea may be used in both magnetics and elec- 

trostatics in measuring ‘‘elevation.”” The ‘‘elevation’’ 

(electric potential) of a charge is measured as numerically 

equal to the work done in carrying a unit charge from 
infinity (the ‘“‘sea level” or absolute datum plane of elec- 

tric potential) to the point at which the potential is to be 

determined. Expressing this mathematically, 


zm f, gdr 
{ii 


where g is the field intensity (force action on a unit charge) 
and £ is the potential at a point distant 7 centimeters from 
the point where the inducing charge is located. In the 
general case g is some function of r. To illustrate, if an 
electric charge of g units is concentrated at a point P, the 
field intensity of another point 7 centimeters distant from 
P is, by the second concept, g = q/r?. Therefore the 
electric potential at the point 7 centimeters distant from 
eats 


Thus the seventh concept, the concept of electric poten- 
tial has been derived. The fact that the field intensity 
g usually is some function of the distance r adds complica- 
tions in the practical applications of the concept. 

The eighth concept grows out of the previous one. It 
is more important practically, because ordinarily one is 
interested not in absolute potential (elevation above the 
absolute zero of elevation) but in difference of potential 


Figure 4. Sketch 
showing the re- 
sultant dielectric 
field between the 
2 conductors of 
a single-phase 
circuit 


(difference in elevation). 


By way of illustration, the 
voltage between 2 points, distant 7, and ro centimeters, 
respectively, from the point P at which is concentrated a 
charge of g units is 


Before integrating this expression, substitute for g its 
value in terms of g and 7 as indicated in the previous illus- 
tration. 
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If this equation be differentiated, 2 useful relations re- 
ult: 
« ‘ F 

Vo=gdr and g = ae 
4 dr ; 
| If the field intensity along a path is uniform, then g will 
be a constant and not dependent on the distance r. The 
voltage between 2 points on this path, located / centi- 
meters apart is 


H 
v-f gdr = gl 
0 


‘But from the sixth concept, g = D/K; therefore, 


Di ADI 
x ur 
where A equals the cross section of the flux path in square 
centimeters. But 4D = W and so 


It will be noted from these algebraic formulations that 
out of this concept grows the important relation, V = 
WS, where V has the significance of voltage or difference 
in elevation or pressure, WV the significance of flux and S 
that of resistance. (S sometimes is called elastance and 
is measured in units known as darafs.) Thus this relation 
is similar to EK = JR in the electric circuit and to = R 
in the magnetic circuit. 

Also the reader will see that elastance S = 1/KA is 
similar to reluctance in the magnetic circuit, where R = 
1/uA, and to resistance in the electric circuit, where 
R = 1/pA (the factor p is the reciprocal of resistivity). 

Another idea of importance is that the term g is equal 
to dV /dR, that is, to the rate of change of voltage with 
distance, or to the so-called potential gradient. The 
quantity g, therefore, can be measured in volts per centi- 
meter, volts per inch, or other suitable units. Also since 
g = D/K it is apparent that g varies directly with the 
dielectric flux density. This idea is of great value to the 
engineer in designing insulation because points at which 
the flux density is high are the danger points as far as 
insulation breakdown is concerned. 

The ninth concept is well known, but the relations 
between S and C may not be so well remembered. From 
the relation g = VC a capacitor seems to be a sort of elec- 
trical tank into which electrons can be pushed and the 
more electrons that are crowded into the tank, the greater 
the pressure V will be. From another point of view the 
relation C = 1/4xS indicates that from the dielectric 
circuit standpoint capacitance is akin to permeance, or 
the reciprocal of reluctance in the magnetic circuit. 

The first 2 “‘boxes’’ contain about all that is needed to 
solve most of the problems in electrostatics. The diffi- 
culty comes in the application of this basic knowledge. 
Ordinarily 2 somewhat different procedures are followed, 
either separately or in combination, in the solution of such 
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UNS a ‘ at : 
Jeter] | 
NEGATIVELY CHARGED BASE 
5000 FEET ABOVE 


INSULATED FLAT METAL ROOF 


EARTH POTENTIAL= ZERO 


Figure 5. Sketch showing how an insulated object close to 
earth may have a potential introduced in it by a charged cloud 


30 FEET? 


problems. Rather arbitrarily, and with no offense intended 
to either group, for the present one method may be 
called the method of the physicist and the other the 
method of the engineer. One method consists of placing 
imaginary charges at desired points and computing their 
effects. The other method accomplishes the same end by 
visualizing of lines of flux and determining the desired 
results from formulas applicable to this visualization. 

In the twin boxes headed ‘“‘Physicist’”’ and ‘‘Engineer”’ a 
few typical examples have been worked out illustrating 
the application of the 2 procedures. The reader will 
notice that under the procedure headed ‘‘Physicist” a 
charge is assumed on the capacitor plate or wire, the gradi- 
ent is then determined at some point, as at x distance, and 
then the gradient is integrated to obtain the voltage be- 
tween plates or wires, the capacitance being later deter- 
mined if desired by the g = VC relation. Under the 
other procedure the elastance S is determined from the 
physical dimensions and then the capacitance from the 
relation C = 1/4aS. As elastance depends only on 
physical dimensions and quality of insulation, this method, 
as far as technique is concerned, is similar to the deter- 
mination of resistance in the electric circuit and reluctance 
in the magnetic circuit. This is of practical importance 
where the design involves forms not reducible to simple 
geometric figures and where, therefore, mapping of the 
field is necessary. In general, with this procedure the 
engineer may use the same methods for solving dielectric- 
circuit problems that he uses in solving electric- and mag- 
netic-circuit problems. This does not condemn the first 
procedure, however, for these procedures are but tools in 
the engineer's tool kit. No one would think much of a 
man’s ability as a carpenter if he used the same saw to rip 
rough work and to cut off pieces of finishing lumber. 
Each tool has its advantages and the one used should be 
the one that will do the job most efficiently. 

In the third example, using the second procedure, an 
equation for the absolute potential E, of wire A has been 
set up in terms of fluxes and elastances. In this case 
there were 2 energized wires and therefore wire A is in 2 
component fields: its own field and that set up by wire B. ° 
There are 2 terms in the equation, therefore. Had it 
been a 3-phase circuit with 3 wires there would have been 
3 terms, and soon. In this example, as in many problems 
in mechanics, the computer has the choice of using either 
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the components or the resultant of the components. The 
component fields, that is the field set up by each wire 
acting separately are shown in figure 3, the resultant force 
at a given point P being shown together with the 2 com- 
ponents at this point. The resultant field between the 2 
wires is shown in figure 4. It is quite apparent that the 
component fields, because of their simple geometry, are 
much easier to work with than the resultant field. In the 
example under discussion each term in the absolute- 
potential equation represents the effect of a component 
field. 

As another example of the second procedure, assume 
that the potential to ground induced by a charged cloud 
as in figure 5 on a perfectly insulated metal roof must be 
determined. If the field under the cloud is reasonably 
uniform the potential of the roof can be estimated with 
some accuracy, because here, as with other series circuits, 
the potential of the roof has the same ratio to the potential 
of the cloud as the elastance from the roof to the earth 
has to the elastance from the cloud to the earth. Assum- 
ing the earth’s surface to be at zero potential (which is not 
often correct) the roof potential is 30/5,000 of the poten- 
tial of the cloud. In practice the potential never would 
be indicated by this calculation, because the roof would 
not be perfectly insulated from the ground. 


Finally, there is one other idea that may be of some use 
in clarifying the reader’s thinking relative to the dielectric 
circuits involved in transmission lines. Assume that 
water must be circulated through a large block of concrete, 
such as the Boulder Dam, for example. How could it be 
done? Someone might suggest that pipes or ducts should 
be placed in the concrete while the concrete was being — 
poured. Quite true. Pumps then could be connected to 
these pipes and the water could be circulated without any 
difficulty except that offered by the resistance of the pipes 
to the flow of water. Now electrons travel through the 
air about as freely as water travels through concrete. If 
electrons are to be transmitted through the air, suitable 
holes or tunnels must be provided for them to travel in, 
just as holes through the concrete are provided to permit 
the circulation of water. When a line gang is sent out to 
build transmission lines, then, they really are being sent 
out to string electron holes through the air. 

If too much pressure is put on the water in the hole in 
the concrete, radial cracks or failure of the concrete around 
the circumference of the hole might be expected. Simi- 
larly, if too much voltage (pressure) is placed on the 
electrons traveling in the holes in the air (wires), failure of 
the air around the circumference of the hole (wire) will 
result and the phenomenon known as corona will appear. 
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Recently placed in operation at the East 
Pittsburgh (Pa.) works of the Westing- 
house Electric & Manufacturing Com- 
pany, the battery of automatic inclined 
punch presses shown at the left is part 
of a new straight-line-production system 
of manufacturing a-c motors of the 
standard industrial type, ranging in size 
from 1 to 50 horsepower. Rotor and 
stator laminations fall from these presses 
upon endless belts, which convey them 
to other conveyors and thence to auto- 
matic assembly jigs. Although the new 
“motor aisle’ is intended to specialize in 
the production of ‘standard’ motors it is 
said to have facilities for turning out 
special items without impeding regular 

production 


ELECTRICAL ENGINEERING 


f Across a room had _ been 


_ instruments, at one end of the 


_ of Brazil, takes up the receiver 


Scientific Research Applied to the Telephone 


Transmitter and Receiver 


By EDWIN H. COLPITTS 


FELLOW AIEE 


ET US recall a scene at the 
Centennial Exhibition in 
Philadelphia in 1876. 

further economies. 

strung wires connecting crude 


room a transmitter and at the 
other end of the room a re- 
ceiver. Dom Pedro, Emperor 


and listens while Alexander 
Graham Bell speaks into the 
transmitter. The Emperor, 
astonished at hearing Mr. Bell’s voice in the receiver, 
exclaims in amazement, ‘“‘My God, it talks.” 

When at the same place, Sir William Thomson (later 


Lord Kelvin) took up the receiver and listened to Mr. 


Bell, the words of this distinguished scientist were, ‘It 
does speak,”’ and continuing, “it is the most wonderful 
thing I have seen in America.” 

Sixty years have passed and, as a result of continued 
effort, the use of the telephone has become such an every- 
day matter that even the ability to talk from one continent 
to another scarcely excites comment or wonder. It is not 
surprising that, to the layman, the element of distance 
seems the most striking factor in the technical develop- 
ment of the telephone art. As a matter of fact, while the 
conquest of distance has involved much scientific effort, 
and very ingenious and highly developed methods for the 
transmission of speech currents, the magic of the tele- 
phone still resides in the instruments which provide for the 
conversion of mechanical energy, namely speech sounds of 
highly complex wave form, into electrical currents of 
corresponding wave form, and the reverse process of con- 
verting these electrical currents into speech sounds. These 
instruments, the transmitter and the receiver, are basic to 
the whole telephone art. As they have been improved by 
development and design, it has become possible not only to 
render a higher grade of service but to effect economies in 
other portions of the plant. For example, the very exten- 


* Essential substance of a lecture delivered in the spring of 1937 in Japan under 
the sponsorship of the Iwadare Foundation. This foundation was established 
in the Denki-Gakkwai (Institution of Electrical Engineers of Japan) for the 
following purposes: (1) to send one or two Japanese electrical engineers to 
the United States each year to study for about one year, and (2) to invite 
distinguished electrical engineers from the United States to deliver several 
lectures in Japan once or twice a year. The Japanese society asked the assist- 
ance of the AIEE in the guidance of the engineers sent to the United States 
for study, and also in the selection of distinguished electrical engineers to lecture 
in Japan. The AIEE board of directors authorized a committee for this pur- 
pose in 1931. 


Epwin H. Corritts retired early in 1937 as a vice-president of the Bell Tele- 
phone Laboratories, Inc., New York, N. Y., after having been engaged in 
telephone work since the beginning of the century. He has been granted 
many patents, and has written numerous technical papers. Recently he was 
awarded the Japanese Fourth Order of Merit of the Sacred Treasure in recog- 
nition of his promotion of electrical engineering in Japan. 
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Improvements in the transmitter and receiver, 
instruments basic to the telephone art, continu- 
ally have led to a higher grade of service and 
Research work has made 
possible predetermination of performance by 
calculation; the effect of studies of speech sounds, 
hearing, materials, and testing methods on the de- 
velopment of instruments giving high quality for 
conversation is shown by this article, which is 
based on one of three Iwadare lectures* delivered 
in 1937. 
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sive use of fine-gauge cables 
was, to a large extent, made 
possible by the development of 
more efficient transmitters and 
receivers. Further perfecting 
of these instruments promises 


additional improvements in 
service and some further 
economies. 


Telephony, restricting the 
term to ordinary 2-way talk- 
ing between individuals, in- 
volves an element not present 
in any other service. It does not greatly concern one 
customer of an electric light or power company whether 
another customer chooses to use inadequate or inefficient 
or poorly located lamps or other equipment. That is, 
each user of the service is, under any ordinary conditions, 
independent of all other users. In the case of telephony, 
however, the problem is entirely different; for one user of 
the telephone is greatly concerned with not only the ap- 
paratus furnished to any one with whom he has occasion 
to talk but also with other factors affecting the use of this 
apparatus, such as the amount of noise in the room where 
the apparatus is located, the user’s habits of speech, and 
whether his ability to hear is normal. Telephone instru- 
mentalities must therefore be so designed and the plant so 
engineered as to meet reasonably wide variations from 
what may be termed normal conditions, and ratings of 
performance should be similarly established. 

No single factor is more important to a sound develop- 
ment of this art than the subscriber apparatus. The re- 
search program basic to the development and design of 
transmission instruments has itself been a matter of de- 
velopment as a better understanding of the problems un- 
folded and as the need for research in this or that direction 
became apparent. The research problem basic to the 
development and design of transmission instruments may 
be described as having the following very broad scope: 
an understanding of their physical operation viewed as 
electromechanical structures; an understanding of speech 
mechanism and an accurate physical definition of speech 
air waves; an understanding of the hearing processes and 
a determination of how hearing is affected by factors pres- 
ent in telephony. Also, the research program may be said 
to have included research upon certain materials, the re- 
sults of which have an important bearing either upon an 
understanding of the operation of these instruments or 
upon their practical design. In addition to the develop- 
ment of many methods of measurement and testing ap- 
plicable to laboratory research and development, of very 
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great importance has been a development of the testing 
methods which permit of a better final evaluation of the 
developments based upon the results of this activity. 


Instruments as Electromechanical Structures 


The telephone transmitter itself is a complex mechanical 
and electrical structure. Its general method of operation 
can be described qualitatively in relatively simple terms, 
but the operation of few structures is more difficult to de- 
fine in definite quantitative terms and relationships. For 
example, there are acoustical problems such as those in- 
volved in the air connection between the lips of the speaker 
and the diaphragm of the instrument. This air connec- 
tion may involve a short column of air as in those instru- 
ments which have a telephone mouthpiece. Connection 
between the column of air and the working parts of the 
transmitter may be partially closed by a perforated sec- 
tion. When the operation of the instrument itself is con- 
sidered, there is involved the mechanical vibration of the 
diaphragm as it operates on the carbon, and further, the 
whole question of electric conduction in the small mass of 
granular carbon itself. 

In the receiver which converts telephonic currents into 
speech sounds, there are very similar acoustical, mechani- 
cal, and electrical problems with the exception, of course, 
of the mechanical and electrical problems introduced by 
the carbon of the transmitter. 

A large amount of research work has been carried on 
relating broadly to the transmitter and the receiver as 
electro-mechanical physical structures. The theory of 
these devices as vibrating systems has been developed so 
that their over-all performance can be related to the vari- 
ous structural features. Consequently, development and 
design engineers are now enabled to predetermine by cal- 
culation how certain modifications in structure will affect 
the physical performance of the instrument. In other 
words, the design process has become very much less “cut 
and try.” 

Research has been undertaken and substantial progress 
has been made on a study of microphonic action in carbon. 
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PITCH — OCTAVES 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 
TIME — SECONDS 


Figure 1. Melodic curves showing the variation of pitch 
with time as the sentence ‘Joe took father's shoe bench out” 
is spoken and sung 
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In order to develop a complete theory of the operation of © 
the transmitter, it is necessary to understand fully what 
takes place between each carbon granule in the carbon 


chamber. 


Speech Sounds 


The source of any voiced sound is in the larynx. On § 
both sides of this larynx there are 2 muscular ledges called 
the vocal cords. During breathing these ledges are widely 
separated, but when a voiced sound is produced, they 
come close together, forming a long narrow slit. As they 
come close together, the air passing through the resulting 
slit is set into vibration producing a sound. It has been 
generally supposed that the pitch of the tone thus pro- 
duced was determined by the natural frequency of vibra- 
tion of the 2 vocal cords, and that by changing the tension 
of these cords, the pitch of the tone can be raised or low- 
ered at will. The studies revealed that the natural pitch 
of these cords while a tone is being produced is consider- 
ably below that of the pitch of the tone. It is true that the 
pitch of the tone produced is affected, somewhat, by the 
elasticity of the vocal cords, but it is principally controlled 
by the size of the air opening between them. The little 
plug of air between the 2 vocal cords vibrates through a 
very much larger amplitude than the amplitude of the 
cords themselves and is the real source of the sound. The 
mass of this small plug is controlJed by the size of the open- 
ing and by the elastic forces pushing it to and fro—namely, 
the air pressures on either side of it. It is evident that 
these oscillating pressures will be influenced by the size 
and shape of the trachea leading into the lungs on one side 
and by the size and shape of the tongue, mouth, and nasal 
cavities on the other. The mechanical action involved 
is analogous to the electrical action in a vacuum-tube os- 
cillator. The sound which is generated at the vocal cords 
is modified as it passes through the throat, mouth, and 
nasal passages. The real character of the sound which 
enables identification of words is wholly dependent upon 
the manner in which this cord tone is modified by the 
changing sizes, shapes, and characters of these passages 
and the outlet to the outside air. 

After the various speech sounds leave the mouth, they 
are transmitted to the ear of the listener by means of air 
vibration. As an example of the type of disturbance 
created in the air, consider the sentence, “Joe took father’s 
shoe bench out.” This silly-sounding sentence is chosen 
because it is used for making tests on the efficiency of tele- 
phone systems. The sentence, together with its mate, 
“She was waiting at my lawn,’ contains all the funda- 
mental sounds in the English language that contribute ap- 
preciably toward the loudness of speech. As the sound 
wave produced by speaking this sentence travels along, 
each particle of air over which it passes executes a vibra- 
tion through its original or undisturbed position. The 
successive positions occupied by the particle as it moves in 
the complicated series of vibrations corresponding to a 
spoken sound can be visualized in laboratory investiga- 
tions from oscillographic records of the corresponding tele- 
phone currents. 
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Each successive particle of air along the line in which 
the sound is traveling executes a similar complicated series 

f vibrations but any particular oscillation is performed at 
a later instant by the particle which is farther away from 
the source of the sound. The disturbance in the air which 
represents a spoken sound may then be pictured either, as 
was first described, in terms of the successive positions of 
a single particle or in terms of the displacements at any 
instant of each of the particles along the line of travel of 
the sound wave. For example, for the sentence “Joe took 
father’s shoe bench out,” the disturbance carrying the 


_ sound 7 in the word “Joe” is about 1,500 feet from the 


mouth by the time the sentence is finished. 

If an analysis is made of the wave when the sentence 
“Joe took father’s shoe bench out’’ is spoken, the varia- 
tions in pitch of the speech sounds can be determined from 
the vibration rate. Such an analysis is shown in figure 1. 
The variations in pitch are represented on the vertical 


axis, zero being taken at 1,000 cycles per second. The 


duration of the sounds in fractions of a second is repre- 
sented on the horizontal axis. It may be seen that the 


_ pitch rises and falls as the various sounds are spoken. This 


representation of the pitch variation is called the funda- 
mental melodic stream. It is the melody in the same sense 
as this term is used in music, although it is evident that 
the pitch changes do not take place in musical intervals as 
would be the case if the sentence were sung. 

To show the contrast, a graph was made when the sen- 
tence was intoned on the musical intervals do, re, mi, fa, 
mt, re, do. An analysis of the graph gave the result 
shown in figure 1. In the case of the sung sentence the 
pitch changes are in definite intervals on the musical 
scale, while for the spoken sentence the pitch varies ir- 
regularly, depending upon the emphasis given. The pitch 
of the fricative and stop consonants is ignored in the musi- 
cal score, and since these consonants form no part of the 
music, they are generally slid over, making it difficult for 
a listener to understand the meaning of the words. A 
singer’s principal aim is to produce beautiful vowel quality 
and to manipulate the melodic stream so as to produce 
emotional effects. To do this, it is necessary in singing to 
lengthen the vowels and to shorten and give less emphasis 
to the stop and fricative consonants. It is for this reason 
that it is more difficult to understand song than speech. 

There are 2 secondary melodic streams of speech repre- 
sented by the second and third curves from the bottom of 
figure 2, which are due to the resonances imposed upon the 
speech sound by the throat and mouth cavities. The 
numbers on these curves give the number of the harmonic 
which is reinforced. These 2 secondary melodic streams 
are not sensed as changes in pitch, but rather as changes in 
the vowel quality. Then there is a fourth stream, or, it 
would probably be better to say, a fourth series of inter- 
rupted sounds which are very high in pitch and are the 
sounds which enable us to identify the fricative conso- 
nants. The secondary melodic streams produced while 
speaking the same sentence are approximately the same 
for different persons, even for a man and a woman, while 
the fundamental melodic stream is usually quite different. 
This latter stream is not used in identifying words, but it is 
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PITCH — OCTAVES 


“4 0.6 0.8 1.0 
TIME — SECONDS 


Figure 2. Melodic curves showing the variation of pitch 

with time as the sentence ‘Joe took father's shoe bench out” 

is intoned on the musical intervals do, re, mi, fa, mi, re, do. 

The pitch changes in regular intervals rather than in irregular 
intervals as shown in figure 1 


used sometimes to give different meanings to the same 
words. 

As one listens to this sentence he hears the variations in 
loudness as well as in pitch. Loudness is related to the 
amplitudes and frequencies of the components of the tone, 
but this relationship is very complicated. It is dependent 
upon the action of the ear, including the nerve mechanism 
carrying the message to the brain. This relationship has 
been under study for several years so that it is now pos- 
sible to calculate from physical measurements the loud- 
ness for a typical ear and also to devise instruments for 
measuring approximately the loudness of any sound. 
The result of using such a device for recording the varia- 
tions of loudness in the spoken sentence which has been 
discussed is shown in figure 3. For comparison, the varia- 
tions in pitch are also shown in this figure. 

It is not possible here to describe the devices by which 
the energies and frequencies involved in speech are meas- 
ured accurately, but the results of this research work are 
interesting. When this sentence is spoken fairly rapidly, 
it will contain about 200 ergs of energy. About 500,000,- 
000 ergs of energy pass through the filament of an ordinary 
incandescent lamp each second. This shows that the 
acoustic energy in this sentence is very small. An exami- 
nation of the wave produced by this sentence shows that 
the vowels contain considerably more energy than the 
consonants. Exact measurements have indicated that in 
ordinary conversation the ratio of the intensity of the 
faintest speech sound, which is ¢h as in “thin,” to the 
loudest sound, which is aw asin “‘awl,’”’ is about one to 
500. The actual power used in producing the various 
sounds depends, of course, upon the speaker and the 
emphasis with which he pronounces the sound. The 
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Figure 3. Graph of the loudness of the various sound 
elements when the sentence ‘Joe took father’s shoe bench 
out”’ is spoken . 


power in an accented syllable is 3 or 4 times that ina 
similar unaccented syllable. Measurements upon voices 
during a conversation have indicated that the average 
power in the speech produced is 10 microwatts. Some 
speak with more and others with less than this power. 
Tests on a sample group show that 7 per cent speak with 
less than one sixteenth the average power, 18 per cent 
use powers lying between one quarter and one half the 
average, and 4 per cent between 4 and 8 times the average. 
No speakers were found to use more than 8 times the 
average for conversational purposes. 

As a conversation proceeds, the speech power varies 
from zero during the silent intervals to peak values which 
frequently are 100 times the average power. Examina- 
tion of one-eighth-second-intervals throughout a typical 
conversation shows that for 17 per cent of them the peak 
power lies between 8 to 16 times the average over a long 
interval. It is found that the most frequently occurring 
value of the peak power is about 10 times the average. 

Although a typical voice of aman and a typical voice of a 
woman are alike in that they use the same average power 
and variations of power from this average, they are differ- 
ent in other respects. It is well known that the pitch of 
the voice of a woman is about one octave higher than that 
of aman. It was not known, however, until laboratory 
experiments revealed it, that the intensity of the compo- 
nents having vibration rates above 3,000 cycles per second 
was definitely greater for voices from women than from 
men. For some reason which is not very evident, women 
use higher pitch sounds for producing the fricative conso- 
nants, and this results in greater power in the regions of 
higher pitch. Every one who is familiar with transmission 
systems knows well that these high-frequency components 
are nearly always eliminated. While these sounds are not 
of controlling importance in properly understanding 
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speech, it is evident that the women’s voices are somewhat | 
handicapped as compared with men in systems which 
eliminate them. 


Hearing 


Paralleling research on speech sounds, hearing has been 
investigated. Broadly speaking, the aim has been to ar- 
rive at an accurate physical description and a measure of 
the mechanical operation of human ears in such terms that 
they may be related directly to the electrical and acousti- 
cal instruments. The keenness of the sound-discriminat- 
ing sense has been measured, and the smallest distortion 
which the mind can perceive, and how it reacts to some- 
what larger distortions, has been determined. This in- 
formation is utilized in determining a reasonable basis of 
design both for separate instruments and for transmission 
systems as a whole, to give a proper balance between cost 
and performance. 

One of the first steps was to determine in a quantitative 
way the performance of ears as machines. It was ob- 
viously important to know how faint a sound the ear can 
hear, and also how loud a sound the ear can tolerate. 
With the advent of the vacuum tube, it was possible to de- 
velop methods of accurately measuring the intensity of 
faint sounds and of readily producing such sounds. Figure 
4 gives the results of measurements made to determine the 
limits of hearing. This graph is called the auditory sen- 
sation area. The lower solid curve represents the mini- 
mum sound that an average young person can hear. The 
abscissa gives the frequency of the pure tone, and the or- 
dinate the sound pressure in dynes per square centimeter. 
The top solid curve represents the maximum intensity of 
sound that the ear is capable of handling. This curve 
was determined by noting that intensity which produced a 
feeling sensation. Intensities slightly higher than this 
result in pain and in some instances serious injury to the 
ear. The dotted lines on either side complete the en- 
closure and represent the upper and lower limits of pitch 
that can be heard. From this figure, the upper or lower 
limit of pitch obviously is greatly dependent upon the 
intensity at which the sound is produced. It may be seen 
that near the middle range of frequencies, the pressure 
range is one million to one. The pitch range of pure tones 
is from about 16 to 25,000 cycles per second. 

These results are for young adults, and it may be of in- 
terest to note that as one becomes older the hearing acuity, 
at the higher frequencies particularly, becomes less. In 
table I are shown some measurements to determine what 
the effect of age would be upon the hearing acuity; these 
are average values obtained from measurements on a large 
number of persons. 

Another important measurement of average hearing is 
that concerned with minimum perceptible differences in 
pitch and in intensity. Careful measurements on large 
groups of people have given reliable data. Near the 
threshold changes in intensity of about 4 decibels are nec- 
essary to be perceptible, while at fairly high intensities 
about !/, decibel is all that is necessary for the change to be 
perceived. Minimum perceptible differences in pitch 
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vary from about 0.0025 octave to 0.19 octave, depending 
on the frequency and the intensity. The results of this 
line of investigation have an important bearing on the 
physiological theory of hearing, and another important 
result has been the development of methods of determining 
the degree of impairment of hearing. 

In telephony we are, of course, not directly concerned 
with simple sounds, but with the highly complex sounds 
of speech, and these are on actual telephone circuits gen- 
erally associated with extraneous sounds which may be 
grouped under the broad term of noise. Further, tele- 
phone instruments are not perfect, and could be made to 
approach perfection only at a great expense. In order to 
arrive at a quantitative understanding of the importance of 

departures from perfection in telephone transmission ele- 
; ments and conditions of use, the general procedure in very 
general terms has been as follows: Transmission systems 
_ so nearly perfect that even the keenest ear could not find a 
flaw in their transmission performance are set up, and 
then measured imperfections or variations are introduced. 

By this general process, the effect of noise of chosen in- 
tensities either as noise present in the telephone receiver or 
as noise in the room was determined. Similarly, the effect 
of a line or other characteristic such that voice frequencies 
above a certain value or below a certain value were not 
transmitted, was determined. The effect of introducing 
a highly resonant element or of a nonlinear element was 
studied. The range in loudness of speech necessary for 
best reception was likewise measured. 

As noise became recognized as a very real factor, a 
standard basis for noise measurements was established. 
Consequently it is now possible to measure noise on a tele- 
phone circuit or in a room, and to state the result in terms 
of a standard unit. 


Materials 


In the practical design of modern telephone instru- 
ments we owe a large debt to the chemist and the metal- 
lurgist. Modern molding materials and processes are 
utilized in order to secure forms of apparatus satisfactory 
from the standpoint of appearance and of mechanical 
strength. The newer types of permanent magnet steel 
provide possibilities of light-weight and very efficient 
magnetic structures. 

It is a most striking circumstance that commercial 

telephony is dependent upon the performance of a small 
mass of carbon granules in the transmitter. No single 
material entering into the construction of telephone ap- 
paratus has therefore greater importance. In America 
at least, transmitter carbons are largely derived from a cer- 
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tain specially selected anthracite coal. In its natural 
state, this coal exhibits none of the characteristics re- 
quired for its use in a transmitter. These characteristics 
or properties are secured by heat treatment. These heat- 
treatment processes were for many years the result of em- 
pirical development and were not well understood nor, as 
is now recognized, adequately controlled. This resulted 
in a product of uncertain quality. An important task of 
the Bell Laboratories was therefore to study each step in 
the process of producing carbon and to develop a process 
definitely specified at each step, which would be capable of 
giving the desired uniform quality. The results so far ob- 
tained have had very important reactions upon trans- 
mitter performance. The Laboratories have also set them- 
selves the more elementary task of understanding the 
fundamental properties of carbon contacts. One impor- 
tant element of this research is to determine the causes of 
resistance changes produced when the compressive force 
on a mass of carbon granules is changed. It is too early 
to report results from this research, but it seems clear that 
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Figure 4. Auditory sensation area for the typical ear of a 
young adult 


granular carbon will be an important element in the design 
of transmitters for many years to come, and we should seek 
to obtain complete fundamental knowledge of its opera- 
tion. 


Testing Methods 


Broadly speaking, methods of testing have been de- 
veloped, first, to enable the development and design engi- 
neer to determine quantitatively the various performance 
factors of the apparatus under development, and second, 
to determine how well the apparatus which has been de- 
veloped performs under service conditions. In the Bell 
Laboratories, methods have been developed during the 
last 20 years for measuring the physical constants of the 
apparatus involved so that this apparatus may be an- 
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alyzed as electromechanical structures. Further, in the 
design of telephone transmission apparatus we are com- 
cerned with a power transmission system in which the 
design engineer has no control over the power source, the 
human voice, nor over the receiving agency, the human 
ear. His control is limited to the conveyance of power 
from speaker to listener. In the Laboratories, therefore, 
we have recognized that it is necessary, at least with our 
present knowledge, to supplement physical measurements 
by measurements involving speech sounds and the human 
ear. Some years ago, these tests consisted of compari- 
sons between different instruments or transmission ele- 
ments made by the process of talking first over a circuit 
containing, for example, one instrument, and then over the 
same circuit containing a different instrument. Depend- 
ence was placed wholly upon the listener’s skill to detect 
differences in volume, quality, and intelligibility. It was 
recognized that this method of testing left much to be de- 
sired. Owing to the limitations of the human ear, small 
volume differences could not be detected, but even more 
important, this simple test furnished no very accurate 
measure of speech distortion affecting intelligibility, and 
obviously no definite information as to the relation be- 
tween volume, various types of distortion, and over-all 
effectiveness. 

Doctor George A. Campbell, in 1910, proposed a method 
of testing which has been highly developed in the Labora- 
tories. This method, termed “articulation testing,” 
measures the relation between the reproduced and im- 
pressed sounds from the standpoint of effects on intelligi- 
bility of different kinds of distortion. This method has 
been described in several publications. Briefly, in this 
method, lists of syllables chosen at random and usually 
meaningless monosyllables are called over the circuits to 
be rated, and the percentage of syllables correctly under- 
stood gives a measure of the circuit performance. Fur- 
ther, the method has been extended to give quantitative 
measures in terms of the recognizability of reproduced 
speech sounds, of the effects of loudness of these sounds, 
and of the noise which may be present. 

While various physical tests and the articulation test 
method are exceedingly useful tools in the hands of the re- 
search and development engineer, they do not give a 
direct measure of the transmission service performance of 
a circuit in terms of the ability of the user to carry on a 
conversation under actual commercial conditions. This 
ability of the user to carry on what may be termed a suc- 
cessful telephone conversation depends not only upon the 
performance of the telephone instruments and circuits but 
also, to a substantial extent, upon the users’ own perform- 
ances—the subject material of conversation, how they 
talk into the transmitters, and how they hold the receivers 
—and upon the room noise conditions. In other words, 
there are a number of factors random in nature which, 
while beyond the control of those who design and engineer 
the telephone plant, must be taken account of in rating 
the service performance. 

Much thought and effort have been given to the prob- 
lem of how best to determine transmission service per- 
formance. Very briefly stated, we have been led to the 
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following steps: In order to take suitably weighted ac- 
count of all the factors involved, service performance 
ratings should be based on service results, that is, trans- 
mission service performance should be measured by the 
success which users of the telephone circuit have in carry- 
ing on conversations over the circuit. With the various 
factors in mind, we have fixed upon what we have termed 
“effective transmission” ratings for transmission plant 
design. These ratings are based on a determination of the 
repetition rate in normal telephone conversations. 

As the effect of a change in a circuit depends upon its 
initial characteristics, it is necessary in order to be able 
to compare numerical results to have a basic circuit for 
reference. By suitable choice of basic circuit, it is pos- 
sible to express the effects of changes in any one trans- 
mission characteristic in terms of the attenuation of the 
trunk. For example, the effect of changes in sidetone 
level in the subscriber's set can be expressed as so many 
decibels change in trunk attenuation. 


Association of Transmitter and Receiver 


In order to furnish a convenient 2-way talking circuit 
over a single pair of wires, the transmitter and the receiver 
at each end of the circuit must be continuously associated 
in the circuit. This has been accomplished by various 
circuit arrangements since the early days of the telephone, 
and as every user of the telephone knows, leads to the con- 
dition that when speaking into the transmitter one hears 
his own voice in the receiver. Local speech so heard is 
designated as sidetone. The Laboratories have carried 
on research in order to determine the effect of sidetone on 
the over-all efficiency of the circuit. Sidetone above a 
certain volume has been found to decrease the conversa- 
tional efficiency of the circuit. Parallel with the study of 
the effects of sidetone, research has been carried on on 
methods which could be applied to limit sidetone in 
amount to more nearly its optimum value. This has led 
to the development of what are known as anti-sidetone 
circuits, which do not eliminate sidetone but reduce it to 
an amount which is more nearly that found to be desirable. 

An important step in the association of the transmitter 
and the receiver is represented by the handset which pro- 
vides a rigid mechanical connection between the 2 units. 
This rigid mechanical connection introduces mechanical 
coupling between the receiver and the transmitter, which 
had to be given very serious consideration in order to avoid — 
speech distortion. 


Trends in Instrument Development 


I have broadly indicated fields of research which under- 
lie the development and design of the telephone trans- 
mitter and receiver. It will now be of interest to note 
what application is likely to be made of the results of what 
has amounted to an enormous total of scientific effort. 
In this connection, it may be well again to emphasize that 
station apparatus is intimately associated with the user, 
and has therefore to be designed to fit him, his habits of 
using the telephone, and the conditions attending such 
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se. The handset has to be designed to fit his head, the 
holes i in the dial to fit the size of his finger, the bell to be 
loud enough, and soon. Our effective transmission rating 
_ system has been set up in an attempt to rate the perform- 
_ance of the telephone when employed by the customer in 
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Figure 5. Comparison of the response-frequency charac- 


teristics of telephone instruments 


the way he wants to use it, under the conditions surround- 
ing him. For this reason, this method of rating has been 
found particularly valuable in the development work on 
instruments. 

Because of the wide range of customer usage and condi- 
tions, a number of factors have to be taken into account in 
the design of the apparatus. Also, because this apparatus 
is located on the customer’s premises, where it is rela- 
tively inaccessible to the telephone personnel, it must be 
capable of standing up without undue trouble under this 
wide range of usage and conditions. To strike a proper 
balance in meeting all these factors requires an intimate 
knowledge of the field conditions as well as of the develop- 
ment and manufacturing possibilities. A continuing 
close contact with field experience is employed to modify 
the designs toward securing the proper balance to meet 
these factors. 

In order to indicate more clearly the present trends in 
design, I shall refer briefly to the earlier art. In the early 
development of transmitters and receivers, the matter of 
getting efficiency was of primary importance since this 
could be evaluated directly in terms of the amount of 
copper required in the connecting line. The early trans- 
mitters, which were of the same construction as the re- 
ceiver, depended on the generator action of a diaphragm 
and coil and developed sufficient power to be heard over 
only a few miles of heavy-gauge wire. Some amplifica- 
tion was necessary before telephone communication could 
begin to assume the proportions of a widespread service. 
This amplification was obtained at a reasonable cost in 
the carbon-contact transmitter. Transmitters of this 
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_ type are in the order of 60 decibels more efficient as trans- 


ducers of acoustic to electric energy than the earlier type. 

Both the transmitter and the receiver operate by means 
of diaphragms which have natural periods of vibration. 
These resonances and the resonances of the air spaces on 
each side of the diaphragm were used to obtain as efficient a 
transfer of energy as possible. In the early design, a great 
deal of attention was also given to locating these reso- 
nances at the portion of the frequency range where they 
would tend to increase the intelligibility of the reproduced 
sound. As a result, both instruments were made very 
efficient in the region of 1,000 cycles, which lies within the 
range where the ear and the sensation of loudness are most 
sensitive. 

It was recognized that these resonances caused unde- 
sirable distortion, but under the conditions the resulting 
increase in efficiency more than compensated for this dis- 
advantage. As time went on, the diaphragm resonances 
came to be looked upon as practically inherent in com- 
mercial transmitters and receivers, because no way was 
known of eliminating them without making a very mate- 
rial sacrifice in the efficiency of the instrument. 

About 20 years ago, the development of the vacuum- 
tube amplifier and the high-quality condenser transmitter 
made it possible to demonstrate and measure quantita- 
tively the advantages of reducing distortion. These high- 
quality instruments, the improvement in measuring tech- 
nique, and the development of improved methods of de 
signing vibratory systems offered the promise of providing 
instruments in which the resonance effect could be re- 
duced without unduly affecting efficiency. 

The first commercial instrument for station use, which 
demonstrated the possibility of carrying out this promise, 
was the transmitter employed in the handset first supplied 
by the Bell System in 1927. This transmitter had to meet 
the requirement of giving the same transmission service 
as transmitters of the deskstand type, and at the same time 
meet the very exacting requirements imposed by the 
handset to make it free from howling and capable of per- 
forming over a wide range of positions. The diaphragm 
resonance was damped to a large extent by the use of 
paper rings and, by lightening the structure, the point of 
maximum response was moved up in frequency so that it 
no longer coincided with the peak of the receiver. The 
effect of this was not only to broaden the response charac- 
teristic and improve intelligibility, but also to reduce the 
gain in the local howling circuit which is, of course, a 
maximum when both transmitter and receiver have their 
greatest efficiency at the same frequency. The same 
separation of peaks resulted in the received speech being 
less loud, but in spite of this the over-all performance was 
equivalent to that of the best deskstand type of instru- 
ment then available. 

With this accomplishment, further work was directed 
toward maintaining the lower distortion and increasing 
the efficiency. The transmitter introduced in 1934 repre- 
sented a marked improvement along this line. This in- 
strument still further broadens the transmitted frequency 
range and is used with about the same efficiency in desk- 
stands, handsets, wall sets, and coin-collect sets. 
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A new type of handset is being introduced in the Bell 
System in 1937 which, in addition to having a more pleas- 
ing and simplified design, will incorporate the new trans- 
mitter mounted in such a way as to make fullest use of its 
ability to transmit efficiently over a wide-frequency band. 

During this evolution of the transmitter, the knowl- 
edge which had been gained as to the importance of trans- 
mitting different widths of frequency band over commer- 
cial telephone circuits led to the establishment of the range 
from 250 to 2,750 cycles for designs of new circuits. It 
was not the intention in the establishment of this range 
that circuits should not do better than this where it is 
possible without materially increasing cost, but that all 
circuits should be at least as good as this. The estab- 
lishment of this frequency range took into account a num- 
ber of factors of which a very important one is that the 
over-all utilization of this range from the sound entering 
the transmitter to the sound output of the receiver provides 
a grade of transmission which is highly satisfactory for the 
reproduction of conversational material. 

The establishment of this frequency range played a 
part not only in the design of circuits, but also in guiding 
the evolution of the transmitter and receiver. The trans- 
mitter last referred to meets this requirement very well. 
In fact, its efficiency is fairly uniform for a frequency 
range extending beyond 4,000 cycles. 

The next step in the process was to improve the per- 
formance of the receiver. A pronounced resonance at 
1,000 cycles was no longer necessary since means had been 
found to improve the efficiency of instruments in other 
ways than by concentrating all the resonances at one 
frequency. The importance of the higher frequencies in 
transmitting and reproducing the transient sounds char- 
acteristic of the consonants in speech led to placing more 
emphasis on these frequencies and attempting to produce 
more uniformly the band of frequencies which was set as 
a limit for circuits. This has now been accomplished in a 
practical fashion in the receiver which is being introduced 
in 1937. 

The effect of this evolution in the design of station 
instruments may be brought out by a comparison of the 
over-all response characteristic—that is, the relation of 
the sound delivered to the ear to the sound available at 
the transmitter—for a typical telephone connection having 
in one case, both terminal instruments of the 1920 type 
and, in the other case, the terminal instruments of the 
new 1937 type (figure 5). In this typical circuit, the 
trunk has been taken as free from distortion so that its 
effect will not influence the indicated performance of the 
instruments, although the circuit does include 2 22-gauge 
loops each 3 miles long. 

At the resonance point of the old instruments, just over 
1,000 cycles, the over-all response in going to the new 
instruments is reduced by almost 30 decibels while the 
response in the range from 2,000 to 3,000 cycles is in- 
creased by over 20 decibels. In the frequency range from 
500 to 2,000 cycles, the circuit employing the older in- 
struments shows a variation of over-all response of over 
30 decibels. For the new type, the variation for this 
same frequency range is reduced to 15 decibels, and, fur- 
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thermore, this variation of 15 decibels applies approxi- 
mately for the range of from 250 to 2,750 cycles which was 
mentioned as the transmission range requirement for the 
design of new circuits. In regard to the variation of 15 
decibels in this frequency range, there is good indication 
that this response is more desirable than one of no varia- 
tion, from the standpoint of having the telephone per- 
formance approach that of direct air transmission. 

In addition to these improvements in frequency response 
and efficiency, the intensive development program on these 
instruments has improved materially the stability of the 
carbon transmitter under service conditions. This is an 
important factor in extending the useful life of these in- 
struments and in reducing the cost of maintaining the 
desired transmission performance. 


Proposed Recommendations for Measure- 
ment of Surge Voltages and Currents 


EP THE July 1936 issue of ELECTRICAL ENGINEERING 
the subcommittee of the AIEE committee on instruments 
and measurements presented a report giving the revised 
values for 60-cycle sphere-gap calibrations. The values 
for impulse voltages, however, were held pending de- 
velopment of instructions for their use. A new report by 
the same committee now has been made available con- 
taining the proposals defining the applications and use of 
sphere spark gaps for both 60-cycle and impulse measure- 
ments. This report also corrects certain errors made in 
the statement of 60-cycle values as published in July 1936. 

The recommendations included in the report were 
formulated in recognition of a general need for a surge 
measurement standard from which could be derived 
necessary measurement technique for the surge-testing 
codes for apparatus and materials. Particular code re- 
quirements will necessitate varying measurement tech- 
nique, and it is expected that this proposed standard will 
serve as a source from which can be drawn all the necessary 
measurement recommendations required. Accordingly, 
it is urged that it be viewed and used in this way. For 
specific measurement recommendations applying to a 
particular apparatus, the test code for that apparatus 
should be consulted. 

When approved by the AIEE standards committee, 
all of the material contained in the subcommittee report 
will become a part of the proposed complete revision, 
now under way, of the present AIEE Standard No. 4, 
“Measurement of Test Voltage in Dielectric Tests.” 

Those interested in the subcommittee report on the 
“Proposed Recommendations for Measurement of Surge 
Voltages and Currents and the Sphere Gap Calibration 
Standards” may obtain a complete mimeographed copy, 
without charge, by writing to H. E. Farrer, secretary 
AIEE standards committee, 33 West 39th Street, New 
York, N. Y. 
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Forty Million Kilowatt-Hours for a Fair 


LLUMINATION PLANS for the 1939 Golden Gate 
: International Exposition on San Francisco Bay call 

for consumption of an estimated 40 million kilowatt- 
hours of energy during the 288 days of the fair, from 
February 18 to December 2, 1939. 

The Exposition’s site is a 400-acre island, created by 
dredging in the center of the harbor near the mid-point 
of the San Francisco—Oakland Bay Bridge. Power will 
be delivered at a 16,000-kva substation on this ‘‘Treasure 
Island”’ through 3 submarine cables, each 9,000 feet long, 
from the mainland. Distribution will be made by 10 
miles of 4,000-volt underground 3-phase feeders, ap- 
proximately 25 miles of streetlighting cable, and an un- 
determined length of secondary. 

Approximately $1,000,000 is budgeted for illumina- 
tion and electrical installation, and intensive field work 
will be started in the spring of 1938 after underlying water 
and sewer lines have been laid. Installation is divided 
into permanent and temporary classifications, for 3 build- 
ings will remain after the close of the Exposition as air 
terminal building and hangars for the municipal airport 
that will take over the island. Other buildings will be 
razed. Decorative installations will use knob-and-tube 
work, but all interior wiring will be in conduits. 

Exterior lighting, expected to set new standards of 
beauty, has been worked out by a committee of illumination 
engineers. The plan calls for extensive use of the new 
“fluorescent tube,’’ a development not yet on the market. 
These 15-watt gas-filled tubes, mounted in trough re- 
flectors and used for floodlighting, give spectacular ef- 
fects particularly in pink, blue, green, and white. 

Searchlight scintillators, marching cylindrical lanterns, 
moonlighting, flush lights, steam urns, and water effects 
have their necessary place in the night picture, and un- 
usual methods of their use are being worked out. At 
some points, as in the Court of Reflections, lighting will 
be restrained to encourage a placid mood for greater en- 
joyment of the scene; at other points, such as the 40- 
acre Midway, the only restrictions will be against exces- 
sively bright exposed lamps that would violate the har- 
mony of the whole. 

‘“‘Stunts’”’ will be few in number, for the intention is to 
create a pastel picture of mystery and fantasy, aiding in 
the interpretation of the basic creation of architects, land- 
scape artists, sculptors, and colorists. Utilitarian road- 
way lighting will be so designed that it will not detract 
from the illusion of a white 
“jeweled city” floating upon 
the water, and the $50,000,- 
000 fair will be blended into 
an artistic architectural unit 
by day or night, rather than 
a disconnected assemblage of 
exhibit buildings. 

Architecturally, the Expo- 
sition will be a series of 
masses carried toward the 
skyline by stepped setbacks. 


These setbacks will be flooded in varying intensities or 
graduated colors to preserve their positions, with the 
monotony of normal floodlighting broken by highlights 
or color changes based upon flags, niches, and architec- 
tural elements. Flatness will be relieved also by large 
circles of color, by the shadows of palm trees, and by ultra- 
violet radiation playing from concealed projectors on 
fluorescent paint. 

Trees generally will be treated as dark masses, or as 
silhouettes against glowing backgrounds. Lip lighting 
and jets will mark the rims of pools, and a feature will be 
a reproduction in the Port of the Trade Winds of Old 
Faithful geyser, playing to its full height of 150 feet at 
brief intervals and lighted by searchlights in changes. At 
the opposite end of the mile-long island will be an aurora 
of scintillator beams, created by 24 arc searchlights of 
36-inch diameter. 

Supplemental to standard lighting will be a power 
system for stage and spot lighting which can be adapted 
to special pageants as required. Interiors of exhibit 
buildings will be illuminated uniformly by day and night, 
with no windows to mar the planned effectiveness of 
displays. A spectacular feature in several courts will be 
cylindrical lanterns, from 60 to 75 feet high and 6 feet in 
diameter, lighted by concealed tubes within. 

Colors will be restricted to harmonious groups of 2 or 
3 in each court; chiefly employed will be amber, green, 
red, apricot, blue, peach, gold, pink, and magenta. The 
400-foot central tower, an opportunity to the illuminator, 
will be a light amber at the base, shading into white of 
increasing intensity toward the spire. It will be topped 
by a searchlighted phoenix, rising from a bright red 
illumination at its base. The interior of the tower, viewed 
through tall arches, will be amber at the base and blend 
into a rose red at the upper level. 

More than $10,000,000 worth of buildings for this 
1939 World’s Fair are under construction in the fall of 
1937, and the programs of governmental and industrial 
participation are equally advanced. Except for firms 
planning to erect their own buildings, electrical displays 
will be concentrated in a hall of electricity and communi- 
cation. Central co-ordinating displays planned for this 
phase of the exhibit program include great relief maps of 
the Pacific area, painted by ‘“‘black light”’ on fluorescent 
paint to develop existing communication and power lines 
from virgin country in a twinkling. 


From a painting by Chesley Bonestell 
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engineering earnings of pro- 

fessional engineers was very 
great. Some 79 engineers re- 
ported earnings of less than 
$60 per month, while 168 
earned more than $1,880 a 
month. The median monthly 
earnings of the 28,511 report- 
ing engineers was $289. One- 
quarter earned more than (415, 
while only 10 per cent had 
earnings greater than $609 a month. 

Between 1929 and 1934 there were progressive declines 
in monthly engineering earnings. While the sharpest 
absolute decreases occurred at the higher levels of earnings, 
the greatest percentage decreases took place at the lower 
earnings levels. Almost two-thirds of the decreases 
occurred between 1929 and 1932. 

Comparison of earnings by professional class, without 
regard to age, and the consequent effect of the varying 
age distributions shows that in 1929 the upper 10 per cent 
of mining and metallurgical engineers, highest at this 
level, reported earnings of not less than $792 per month 
as against $515 a month for civil engineers, who were 
lowest at this level. Second in order came chemical and 
ceramic engineers, followed by mechanical and indus- 
trial, and electrical engineers. For the upper 25 per cent 
of the reporting engineers the order of the professional 
classes was the same, monthly engineering earnings rang- 
ing from not less than $372 for civil engineers to not less 
than $503 a month for mining and metallurgical engineers. 
At the middle and lower earnings levels, the differences 
in earning capacities of the 5 professional classes were less 
marked, although in each instance mining and metallurg- 
ical engineers and electrical engineers occupied the upper 
and lower extremes, respectively. 

In 1932 and 1934 the order of the professional classes 
at the 2 higher earning levels was essentially the same as 
that noted for 1929. At the 3 lower earning levels shifts 
occurred in this order in 1929, and there were further 
shifts in 1932 and 1934. 

On an age basis the 1929 monthly compensation for en- 
gineering services of the lowest tenth of reporting en- 
gineers was more than twice as high for those in the age 
group 48 to 55 as for those of 23 years. At the upper 10 
per cent earnings level, maximum earnings of $1,050 a 
month were reached in the sixties. Similarly, at the av- 
erage and at the upper and lower quarters of earning levels 
age 60 was the turning point. 

For men of identical ages in 1929, 1932, and 1934 the 
data reveal that the greatest impact of the depression, as 
far as engineering earnings were concerned, fell upon men 
with from 2 to 5 years’ experience. 

Although the 1929 data on engineering earnings evidence 
an advantage in favor of men who have engineering de- 


N 1929, the range in monthly 


presented. 
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In this, the seventh article! of a series reporting 
a survey of employment in the engineering pro- 
fession by the United States Bureau of Labor 
Statistics, data relative to the monthly rate of 
compensation received by engineers solely for 
engineering services in which they were en- 
gaged at the end of 1929, 1932, and 1934, are 
Comparisons may be drawn among 
professional classes, ages, and educational back- 
ground. 
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grees, this advantage was less 
clearly defined than was the 
case with earned annual in- 
comes. However, the extra 
years of experience which the 
“other” engineers had while 
the graduates were in school 
permitted of their obtaining 
higher earnings than graduates 
only up to a point correspond- 
ing to 5 years after graduation. 
Even at 2 years after gradua- 
tion the differentials in earnings between the 2 groups were 
slight. Similarly, at 4 years after graduation, while at 
the median level graduate earnings ranged from $225 
for first-degree electrical engineers to $250 a month for 
first-degree chemical and ceramic engineers, among 
the “‘other’’ engineers they ranged from $200 for engineers 
with secondary school education to $229 a month for 
mechanical and industrial engineers with incomplete 
college courses. 

With advancing age there was a considerable advantage 
in engineering earnings in favor of the graduates. There 
was also a distinct variation in the earning capacities 
among both graduate and “‘other’’ engineers. 

The monthly engineering earnings of graduates con- 
tinued to increase several years beyond the point of maxi- 
mum earnings of “‘other’’ engineers. The earnings of the 
latter either remained stable or declined at 30 years after 
graduation. 

While graduates who were 231/2 in 1929 and 281/2 in 
1934 reported increased earnings for all kinds of engineer- 
ing, except mining and metallurgical, no increases were 
reported by any of the ‘‘other” engineers of corresponding 
ages. For older engineers, however, the decreases ap- 
parently affected both graduates and ‘‘other’’ engineers in 
almost equal measure. 

For men of identical years of experience, the earnings 
received in 1934 by both graduates and ‘‘other’’ engineers 
were all less than those obtained in 1929. The decreases 
reported by men with 5 years’ experience were, in general, 
greater than those of men with 2 or with from 10 to 37 
years’ experience. 


Scope and Method 


The earned annual incomes of any professional group 
are made up of earnings from professional work plus, in 


1. An article prepared by Andrew Fraser, Jr., of the Division of Hours, Wages, 
and Working Conditions, Bureau of Labor Statistics, United States Department 
of Labor, which article was published in the November 1937 issue of Monthly 
Labor Review. Articles reporting other phases of this survey were published in 
ELECTRICAL ENGINEERING as follows: ‘‘Professional Aspects of Engineering 
Education,” August 1936, pages 863-7; “Unemployment in the Engineering 
Profession,” February 1937, pages 216-23; “Employment in the Engineering 
Profession,’’ May 1937, pages 524-31; “Security of Engineering Employment,” 
June 1937, pages 655-61; ‘Engineering Income and Earnings,’’ September 
1937, pages 1089-1104; “Sources of Engineering Income, 1929-34,’’ November 
1937, pages 1353-58. A detailed report of the survey will be published later in 
bulletin form{by the Bureau of Labor Statistics. 
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some cases, those received for other services. They are 
affected, moreover, by periods of partial or complete un- 


employment during the year. In this article an analysis? 
is made of the compensation engineers received solely for 


professional services during periods of employment, based 


on the monthly rates of earnings reported for all kinds of 
engineering work combined. 


tive total decreases, almost two-thirds occurred between 
1929 and 1932. 

At all levels, however, the changes in monthly engineer- 
ing earnings were very much less than those for earned 
annual incomes. This was due to the fact that annual 
earnings reflect the combined effects of several factors 
which were operative in the depression years: (1) The de- 


As in the previous analyses of earned annual incomes, it 


cline in engineering earnings; (2) the acute unemploy- 
has been necessary to assume that the kind of engineering 


ment; (3) the deterioration in the nature of the available 


Table |. Comparison of 5 Levels of Monthly Engineering Earnings for All Professional Engineers Reporting in 1929, 1932, 
and 1934 


Figures derived from adjusted data as explained on this page, and without regard to kind of engineering employment reported or type of education 


Monthly Engineering 
Earnings of More Than 
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employment reported for the end of the year was the source 
of the income for that year. 


nonengineering work; and (4) the large influx of young 
engineers in the years 1930-34. 

Clearly, earned annual income data cannot be used as a 
measure of the rates at which engineering services were 
purchased. Illustrative of this is the fact that in 1929 
only at the 2 higher earnings levels did earned annual in- 
come exceed 12 times the monthly earnings reported 
solely from engineering services. In the years 1932 and 
1934, the estimated annual earnings from engineering 
work only were greater at all 5 income levels. But while 
the lowest 10 per cent of the reporting engineers had 
earned annual incomes of not less than $872 in 1934, the 
monthly rate of earnings at this level shows a possible in- 
come of not less than $1,344 a year from engineering work. 

More particularly, however, while the lowest 10 per 
cent of the reporting engineers engaged in engineering 
work in 1929 had earned not less than $162 per month, by 
1934 the monthly earnings at this level were not less than 
$112. This was a decline of 30.9 per cent. By contrast, 
the earned annual incomes of a similar proportion of en- 
gineers had declined by 53.6 per cent. At the next high- 
est income level, engineering earnings decreased by 31.2 
per cent, as against 41.3 per cent in the case of earned an- 
nual incomes. Similarly, average monthly engineering 
earnings dropped by 27.3 per cent, whereas annual in- 
comes declined by 33.0 per cent. This decline in the aver- 
age earnings differed but little from those which occurred 
at the upper 10 and 25 per cent of the reporting engineers, 
namely, 28.6 and 26.7 per cent, respectively. The corre- 
sponding decreases in annual incomes of similar propor- 
tions of engineers were 31.2 and 31.6 per cent. In other 
words, while the range in the decline in engineering earn- 
ings was from 26.7 to 31.2 per cent, it was from 31.2 to 
53.6 per cent for annual incomes. 

The findings and comments of the preceding analysis 


Monthly Engineering Earnings 


Of the 33,852 engineers who reported as of December 31, 
1929, that they were professionally active prior to 1930, 
28,511, or 84 per cent, stated their average monthly rates 
for the engineering work in which they were engaged. 
These 1929 data, together with the adjusted figures for 
1932 and 1934, are shown in table I, without regard to 
age or kind of engineering employment reported. 

As in the case of earned annual incomes, the range in the 
1929 monthly engineering earnings of professional engi- 
neers was very great. While some 79 engineers reported 
earnings of less than $60 per month, 168 earned more than 
$1,880 a month. The median monthly earnings of the 
28,511 reporting engineers was $289; one-quarter earned 
more than $415; and only 10 per cent had earnings 
greater than $609 a month. The lowest 25 per cent of the 
reporting engineers earned less than $215 a month while 
the lowest 10 per cent earned less than $162 a month. 

Over the period 1929-34 the changes which occurred in 
monthly engineering earnings were similar to those pre- 
viously noted in the discussion of earned annual incomes: 
(1) Earnings progressively declined from 1929 to 1934; 
(2) the sharpest absolute decreases occurred at the higher 
levels of earnings, but the greatest percentage decreases 
took place at the 2 lower income levels; (3) of the respec- 


2. See ‘Engineering Income and Earnings, 1929-34,” ELECTRICAL ENGINEER- 
no for September 1937, pages 1089-1104, for details of the scope and methods 
of analysis. 

3. The procedure of adjustment adop i 
Gala omient in the Engineering Profession,”’ 1929 to 1934, ELECTRICAL En- 
GINEERING, May 1937, pages 524-31. The numbers of younger engineers re- 
porting in each income class for 1932 and 1934 were reduced in the ratio of 15 
to 32 and added to the corresponding figures reported by the older engineers in 
1932 and 1934. 


ted was similar to that outlined in the 
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also apply to the engineering earnings reported by the 5 
professional classes. These are shown, also without regard 
to age! or kind of engineering employment, in table IT. 

In 1929, the upper 10 per cent of mining and metallur- 
gical engineers, highest at this level, had earnings of not less 
than $792 per month as against $515 for civil engineers, 
who were lowest at this level. Second in order came 
chemical and ceramic engineers, of whom the upper 10 per 
cent had monthly earnings of not less than $732, followed 
by mechanical and industrial engineers, and electrical 


The ranges in monthly earnings over these 3 levels were, re- 
spectively, from not less than $275 to $334, $201 to $241, 
and $148 to $156. ; 
Despite the progressive declines in engineering earnings 
between 1929 and 1934, the orders of the professional 
classes at the 2 higher levels were essentially the same as 
those noted for 1929. However, at the middle earnings 
level, chemical and ceramic engineers had dropped from 
second place in 1929 and 1932 to fifth by 1934; but even 
in 1934 their monthly engineering earnings were practi- 


Table Il. Comparison of 5 Levels of Monthly Engineering Earnings for All Engineers Reporting in Each Professional Class in 
1929, 1932, and 1934 


Figures derived from adjusted data as explained on page 1451, and without regard to kind of engineering employment reported or type of education 
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Monthly Engineering 
Earnings of More Than 


Specified Amount 


Amount of Decrease Per Cent of Decrease 
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1. Arranged in ascension of monthly engineering earnings for 1929. 


engineers, respectively, with not less than $674 and $587 a 
month. For the upper 25 per cent of the reporting engi- 
neers the order of the professional classes was the same, 
monthly earnings ranging from not less than $372 for civil 
engineers to not less than $503 a month for mining and 
metallurgical engineers. At the middle and 2 lower 
earnings levels, the differences in earning capacity were 
less marked. However, in each instance mining and 
metallurgical engineers and electrical engineers occupied 
the upper and lower extremes, respectively. Civil engi- 
neers shifted from fourth place at the average earnings 
level to second at the lowest earnings level, while chemical 
and ceramic engineers shifted from second to fourth place. 


4. It is important to note that any data concerning the several professional 
classes as a whole without regard to age tend to obscure the effects of different 
age distributions within the classes. Those classes with a relatively high propor- 
tion of older men for this reason are likely to show relatively high earnings, and 
those with relatively more younger men to show smaller earnings, 
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cally the same as those of the civil engineers, who were 
fourth in order. Mining and metallurgical engineers were 
highest both in 1932 and 1934. Thus in the latter year, 
while their median earnings were $241 a month, those of 
both mechanical and industrial engineers and electrical 
engineers were $215 a month. 

At the lowest 25 per cent earnings level of the reporting 
engineers, the lowest and highest figures for 1932 and 1934 
were again reported, respectively, by chemical and ce- 
ramic engineers and mining and metallurgical engineers. 
At the same level in 1934 the range was from not less than 
$131 for chemical and ceramic engineers to not less than 
$154 for mining and metallurgical engineers. This reduc- 
tion in the range of earnings was more pronounced at the 
lowest earnings level both in 1932 and 1934, for while in 
the former year it was from not less than $116 to not less 
than $126, in the latter it was from not less than $101 to 


ELECTRICAL ENGINEERING 


fable Ill. Comparison of 5 Levels of Monthly Engineering Earnings, on Age Basis, for All Engineers Reporting in 1929 
1932, and 1934 


Without regard to kind of engineering employment reported or type of education 


Proportion With Monthly Engineering Earnings of More Than Specified 
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monthly engineering earnings at all 5 levels show no 
marked differences from those derived from the analysis 
of earned annual incomes by age. Thus, in 1929 the com- 
pensation for engineering services of the lowest tenth of 
the reporting engineers steadily increased from over $115 
a month for those 23 years to a maximum of over $232 a 


not less than $120, the upper and lower extremes being re- 
ported, respectively, by the civil engineers and the chemical 
and ceramic engineers. 

The decline in engineering earnings of each professional 
class was very much less than that which occurred in 
earned annual incomes. The greatest percentage de- 


creases took place at the 2 lower levels. For example, 
while engineering earnings of electrical engineers at these 
limits declined by 26.4 and 27.0 per cent, the correspond- 
ing annual incomes decreased by 42.6 and 56.0 per cent. 
In the case of chemical and ceramic engineers, the drops 
in earnings at these levels were 40.7 and 35.3 per cent as 
against 52.2 and 63.8 per cent in their annual incomes. 


Monthly Engineering Earnings Related to Age 


In table III there are presented the monthly engineer- 
ing earnings, by age,® of all engineers combined and with- 
out regard to kind of engineering employment. 

As shown in table III there was, in general, a steady ad- 
vance in monthly earnings at all levels up to the highest 
age groups. Except for the absence of the exceptionally 
rapid rise from 23 to 25 years, the changes with age in 
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month for those who were between 48 and 55 years. At 
each of the 4 higher earning levels maximum earnings were 
reached some 8 years later, or near to age 60. The re- 
spective maxima were not less than $297, $414, $592, and 
$1,050 per month. Even for engineers 23 years of age 
there was a considerable spread in earnings. This is evi- 
denced by the fact that at the average level the earnings 
were not less than $149 a month, above this one-quarter 
earned over $174, and one-tenth over $215 per month, as 
against monthly engineering earnings of over $130 and 
$115 at the two lower levels. 

The spread in engineering earnings with advancing age 
became quite marked at the age of 30; that is, some 8 


5. Throughout the ensuing discussion age and years after graduation are used 
interchangeably. Of course in the case of nongraduates (that is “other en- 
gineers’’) age only applies, The relationship between these 2 factors can readily 
be derived from the fact that the median age of graduation of new graduates to 
the profession was found to be 23 years. 
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Table IV. Comparison of 5 Levels of Monthly Engineering Earnings on Age Basis for All Graduate Engineers Reporting in 
1929, 1932, and 1934 


Without regard to kind of engineering employment reported or type of education 


tee ee Se ale ee ee 


Proportion With Monthly Engineering Earnings of More Than Specified 


Amount 
Years After 
Age Co ianiee Graduation 10 Per Cent 25 Per Cent 50PerCent 75 Per Cent 90 Per Cent 
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years earlier than was the case for earned annual incomes. 
(See figure 1.) Again the earnings of the upper 10 per cent 
of reporting engineers diverged sharply from those at corre- 
sponding ages in the lower levels. Thus, at age 44 the 
former were greater than the average by some 102 per cent, 
as against a corresponding difference at the upper 25 per 
cent level of only 33 per cent. At age 60, the respective 
differences were 144 and 48 per cent. 

These general relationships of monthly engineering 
earnings by age of all engineers® reporting also held in the 
years 1932 and 1934, as well as for the monthly earnings 
of all graduates’ shown in table IV. 

Consideration will now be given to the extent to which 
monthly engineering earnings may have been affected by 
the depression. Reference, however, will be made only 
to the data reported by all graduate and ‘“‘other” engineers 
combined. 

For men of advancing years and experience, it appears 


6. That is, graduates and “‘other’’ engineers combined. 


7. That is, postgraduates, nonengineering graduates, and first-degree engineer- 
ing graduates combined. 
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from the data presented in table V that over the period 
1929-34 only those engineers who were 231/ years in 1929 
and 28'/> in 1934 reported increased earnings. Earnings 
of the next higher age group showed practically no change. 
For succeeding age groups the declines in earnings were 
progressively greater. Thus, while there was a 15 per 
cent decrease between 1929 and 1934 at the middle level 
of earnings of engineers who were 30 in 1929 and 35 in 1934, 
the decrease was as high as 24 per cent for engineers who 
were 65 years of age in 1934. A similar situation existed 
at the other four earnings levels, for all engineers, and also 
for graduate engineers only, as shown in table VI. 

One important aspect of these engineering earnings is 
that it is now possible to determine the compensation 
younger engineers received for their engineering services. 
This information could not be obtained from the data on 
earned annual incomes for reasons previously cited. The 
principal reason, however, was that most engineers 23 
years of age could not have worked a full year.® Many of 
ee ee ee 


8. This qualification applies only to graduate engineers, for in the case of 
other” engineers many of them could have been working for a year or more 


ELECTRICAL ENGINEERING 


_ 


— 


a 


the graduates estimated what their annual earnings would 
have been, based on what they had earned for the first 6 
months after graduation. Obviously, this necessity for 
estimating does not apply to the monthly earnings for en- 
gineering work. Hence, the monthly earnings data are 


the most accurate indication of what the rates of compen- 


sation of younger engineers were for engineering work. 
This situation is best exemplified by considering the earn- 
ings reported by men who were of identical ages in 1929, 
1932, and 1934, as presented in tables VII and VIII. 

These data reveal the fact that the newcomers to the 


_ profession suffered less than those with from 2 to 5 years’ 
_ experience in engineering. Thus, while median monthly 


earnings of the newcomers were 26 per cent less in 1934 
than those of men of similar ages in 1929, they were 34 per 
cent less in the case of men with from 2 to 5 years’ expe- 
rience in each of these years. But it will also be noted 
that the declines in earnings of engineers between 1929 
and 1934 with from 20 to 37 years of experience were prac- 
tically the same as those reported by engineers 23!/. years 
of age. Furthermore, a similar relationship existed at the 
4 other earnings levels, despite the fact that the declines 
in earnings were relatively greater in the case of engineers 
at the 2 lower earnings levels. 

It will be recalled that in the discussion of employment 
status that as far as available engineering work was con- 
cerned, the tendency appeared to be to give preference to 
engineers who entered the profession in the period 1930- 
34. The analysis of the data in the table VII shows that 
it was not those engineers who entered the profession in 
1934 who suffered relatively the greatest cuts but those 
who had entered during one or other of the depression 
years, 1930-33, inclusive. Similarly, data for earnings of 
graduates of identical ages are shown in table VIII. 


Engineering Earnings and Education 


Of all engineers who furnished information on the 
monthly rates of compensation received by them for engi- 
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of monthly compensation of professional 
engineers in engineering work by age in 1929 


Includes compensation for all kinds of engineering services studied 


Table V. Comparison of 5 Levels of Monthly Engineering Earnings for 5 Age Groups of Older! Engineers Reporting in 


1929, 1932, 


Without regard to kind of engineering employment reported or type of education 


and 1934 


—— 


Monthly Engineering Earnings of More Than Specified Amount of Engineers Whose Age Was 
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neering services in 1929, 21,205 were graduates and 7,305 
were “other” engineers. The former number represented 
86 per cent of the 24,837 graduates, and the latter covered 
81 per cent of the 9,015 “other” engineers who reported 
that they were professionally active prior to 1930. A 
comparison of the engineering earnings of these 2 groups is 
shown, without regard to age and kind of engineering em- 
ployment reported, in table IX. 

Although the figures in the third from the last column 
in table IX indicate an advantage in favor of those men 
who have engineering degrees, this advantage is less 
clearly defined than was indicated in the similar analysis 
of earned annual incomes. This is evidenced by the fact 
that only at the highest earnings level did the earnings of 
graduates of all 5 professional classes exceed those of 


“other” engineers. Even at this level, the advantage did 
not accrue in equal measure for each of the 5 professional 
classes. 

Thus, while the monthly earnings of the upper one- 
tenth of the mining and metallurgical graduates exceeded 
those of the upper tenth of the “other” engineers by $94 a 
month, the differences in monthly engineering earnings 
among the 4 remaining professional classes ranged from 
$31 for mechanical and industrial engineers to $61 for 
chemical and ceramic engineers. At the upper 25 per cent 
level, the engineering earnings of mechanical and industrial 
graduates and “other” engineers were practically the same. 
There was a difference of only $13 between the earnings of 
the 2 groups in the case of mining and metallurgical engi- 
neers, and for electrical engineers the difference was only 


Table VI. Comparison of 5 Levels of Monthly Engineering Earnings for 5 Age Groups of Older’ Graduate Engineers 
Reporting in 1929, 1932, and 1934 


Without regard to kind of engineering employment reported or type of education 
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1. Includes those engineers who were professionally active prior to 1930. 


Table VII. Comparison of 5 Levels of Monthly Engineering Earnings of All Engineers for Corresponding Years After 
Graduation in 1929, 1932, and 1934 


Without regard to kind of engineering employment reported or type of education 


Proportion With Monthly Engineering Earnings of More Than Specified Amount 
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After Graduation in 19 


of 5 Levels of Monthly Engineering Earnings of All Graduate Engineers for Corresponding Years 


Proportion With Monthly Engineering Earnings of More Than Specified Amount 
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Table IX. Comparison of 5 Levels of Monthly Engineering Earnings for Older! Graduate and Other" Engineers Reporting 
in Each Professional Class in 1929, 1932, and 1934 


Without regard to kind of engineering employment reported 
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Arranged in ascension of graduate monthly engineering earnings for 1929. 


1. 
2. 
3. Graduate engineers embrace all postgraduates, 


$22.a month. However, at this level, in the case of chemi- 
cal and ceramic engineers and civil engineers the differ- 
ences were much higher, being $61 and $62 per month, 


respectively. : 
At these 2 earnings levels, the relationships between the 


DECEMBER 1937 


4, ‘‘Other’’ engineers embrace all engineers with college course incomplete, noncollegiate t 


Monthly Earnings of Engineers 


Includes all engineers who reported they were professionally active prior to 1930. 


nonengineering graduates, and final-degree engineering graduates. 


echnical school course, and secondary school education. 


earnings of graduates and ‘‘other’’ engineers in 1932 and 
1934 were similar to those just noted for 1929. 

At the average and at the 2 lower levels of earnings, the 
ratios of engineering earnings of the 2 groups of engineers 
were practically the same as those noted for earned an- 
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nual incomes. That is, in 1929 there was a slight advan- 
tage in favor of the “other” engineers, which was main- 
tained to a somewhat greater degree in 1932 and 1934 than 
was the case for earned annual incomes. In part, how- 
ever, this advantage in earnings of “other” engineers was 
due primarily to a higher age among the nongraduates in 


the groups compared. 
The advantages in increased earning capacity accruing 


The extra years of experience which the “other” engi- 
neers had while the graduates were in school permitted of 
their obtaining higher earnings than graduates only up to 
a point corresponding to 5 years after graduation. Even 
at 2 years after graduation in 1929 the differentials in 
earnings between the 2 groups were slight. Thus, while 
the median monthly earnings of ‘‘other” engineers ranged 
from $183 for secondary-school engineers to $193 for me- 


from formal education are better seen in table X, which chanical engineers whose college course was incomplete, 
shows the engineering earnings by type of education and by the earnings of graduates from engineering work ranged 
age. Only the median earnings are given, as insufficient from $166 per month for those with a nonengineering edu- 
data were obtained for the 2 lower and the 2 higher earn- cation.to $187 for first-degree civil engineers. At 4 years 
ings levels to enable a complete comparison for all age after graduation, as will be seen from figure 2, the gradu- 


groups and types of education. 


ates were beginning to pull ahead of the “other” engineers. 


Table X. Median Monthly Engineering Earnings in 1929, 1932, and 1934, for All Engineers Reporting by Age and Type of 
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le Xl. “Comparison of Median Monthly Engineering Earnings in 1929, 1932, and 1934, of Selected Age Groups of 
, Engineers Reporting, by Type of Education 
ut regard to kind of engineering employment reported 
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1, Fewer than 10 engineers reported. 


2. Includes chemical, ceramic, electrical, industrial, mining, and metallurgical engineers. 


Thus, while the range in the median monthly earnings of 
the former was from $225 for first-degree electrical engi- 
neers to $250 a month for first-degree chemical and ce- 
ramic engineers, it was from $200 for engineers with sec- 
ondary-school education to $229 a month for mechanical 
and industrial engineers with incomplete college courses 
in the case of the ‘other’ engineers. Beginning at 5 
years after graduation, the effect of a formal education 
on engineering earnings was accentuated. For example, 
at 11 years after graduation, the average monthly earnings 
of first-degree civil engineers were greater than those of 
the “other” engineers of this professional class. The 
median monthly earnings were $305 for graduates, $257 
for those whose college courses were incomplete, and $254 
for civil engineers who had attended noncollegiate techni- 
cal schools. Similarly, in the case of first-degree electrical 
engineers and mechanical and industrial engineers, earn- 
ings were greater than those reported by the members of 
these professional classes whose college courses were in- 
complete or who had attended noncollegiate technical 


schools.® 
It will also be noted that while mechanical engineers 


“ 


9. The term, “mechanical and all others” shown in table IX under : college 
course incomplete’ and ‘“‘noncollegiate technical schools” includes chemical and 
ceramic, electrical, industrial, and mining and metallurgical engineers. 
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with incomplete college courses had the highest earnings 
of any of the groups of ‘‘other” engineers, their earnings 
differed very little from those of first-degree civil engineers. 
Thus, at 11 years after graduation the latter reported me- 
dian earnings of $305 a month as against $319 a month 
for mechanical engineers with incomplete college courses. 
The corresponding figures at 29 years after graduation 
were $407 and $423 a month. 

Furthermore, from 5 to 37 years after graduation, there 
was a fairly uniform relationship in the ranking of the 
earnings reported by the several types of education. 
Relatively, this uniformity was most marked among the 
“other” engineers. Thus, while secondary-school engi- 
neers remained tenth in order, civil engineers whose college 
courses were incomplete, or who had attended noncollegi- 
ate technical schools, held respectively eleventh and 
twelfth places. Over the same period, first-degree chemi- 
cal and ceramic engineers were first in order. They did, 
however, rank tenth at 2 years after graduation. Among 
the remaining types of education such shifts as did occur 
were not very pronounced. Even in 1934, the same rela- 
tive positions were maintained. 

With advancing age, the 1929 data show that there was 
a considerable advantage in engineering earnings in favor 
of the graduates. Thus, between civil engineers who had 


ngs of Engineers 


first degrees and those who had incomplete college courses, 
the differences for men 23, 33, 43, 53, and 60 years of age 
were $24, $45, $55, $93, and $109 a month, while between 
those with first degrees and noncollegiate technical school 
educations, the corresponding differences were $20, $48, 
$65, $118, and $77 a month. 

There was also a distinct variation in the earning ca- 
pacities among both graduate and “‘other’’ engineers. 
Thus, at 10 years after graduation, the 1929 median 
monthly engineering earnings of graduates ranged from 
$290 for civil engineers to $368 for chemical and ceramic 
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Figure 2. Comparison of medians of monthly rate of com- 
pensation according to age, 1929 


Includes compensation for all kinds of engineering services reported 


engineers. Graduates’ median earnings 30 years after 
graduation ranged from $408 for civil engineers to $492 in 
the case of chemical and ceramic engineers. For ‘‘other’’ 
engineers, the range in earnings of men whose age corre- 
sponded to 10 years after graduation, that is, 33 years was 
from $242 to $300 a month, and at 53 years of age, or 
corresponding to 30 years after graduation, the range was 
from $290 to $422 a month. At both of these age points, 
the lowest earnings among “‘other’’ engineers were reported 
by noncollegiate technical-school civil engineers, the highest 
by mechanical and industrial engineers with incomplete 
college education. 

A further advantage of formal engineering education 
was that graduate earnings from engineering work con- 
tinued to increase for several years beyond the point of 
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maximum earnings of “other” engineers. The earnings of 
the latter either remained stable or declined at 53 years 
of age. 

Consideration will now be given to the effect of the de- 
pression on earnings of men with advancing years and ex- 
perience and different educational backgrounds. 

Over the period 1929-34, the data in table XI indicate 
that the graduates who were 231/2 years in 1929 and 28!/s 
years in 1934 received increased earnings for all kinds of 
engineering, except in the case of mining and metallurgi- 
cal. There were, however, no increases reported by any 
of the ‘‘other’”’ engineers of corresponding ages. By con- 
trast, for the selected age groups of 52 to 57 and 44 to 49 
years, decreases in earnings occurred among both gradu- 
ate and ‘‘other’” engineers in almost equal measure. For 
example, for engineers who were 44 years in 1929 and 49 
in 1934, the earnings of the graduates declined from 19 to 
24 per cent, while those of the ‘‘other’’ engineers fell by 18 
to 25 per cent. 

On the other hand, for men with identical years of ex- 
perience, the earnings received in 1934 by both graduates 
and “‘other’’ engineers were all less than those which were 
obtained in 1929. Thus, in table XII it will be noted 
that at 2 years after graduation the earnings obtained 
for engineering services in 1934 were less than those re- 
ceived in 1929 by from 32 to 41 per cent for all types of 
education, except nonengineering graduates and those 
engineers with a secondary-school education. In the case 
of nonengineering graduates, the earnings were 24 per cent 
less and for engineers with secondary-school educations 
they were 29 per cent less. 

Again it will be noted that the decreases reported by 
men with 5 years’ experience were, in general, greater than 
those for men who had had but 2 years’ experience and 
also greater than the declines in earnings reported for men 
with trom 10 to 37 years’ experience. 


Table XII. Percentage Decreases in Median Monthly Engi- 
neering Earnings Over Period 1929-34 ‘or Corresponding 
Years After Graduation, by Type or Education 


Without regard to kind of engineering employment reported 
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1. Despite the fact that at 20 years after graduation, nonengineering graduates 
and mechanical and industrial engineers show only 8- and 10-per cent decreases 
in earnings, the consistency of the remaining decreases shown is too regular 
for these particular differences to have any effect on the general argument. 

2, Fewer than 10 engineers reported. 


3. Includes chemical, ceramic, electrical, industrial, mining, and metallurgical 
engineers. 
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tion of about 1,531,000 people, distributed over an 
area of 111.56 square miles and segregated in 14 
municipalities, including both towns and cities. Within 
pts territory the railway supplies practically all of the pub- 
lic transportation, except taxicabs. The backbone of 
its system is formed by its rapid-transit division, with 
elevated lines, subways and some leased surface right-of- 
way. The rapid-transit lines are confined to Boston and 
Cambridge. 

The territory is covered with a network of surface-car 
lines, with motor-bus lines and, recently, with a few track- 
less-trolley lines. These surface lines serve partly as 
feeders for the rapid transit and partly to meet local service 
demands. 

The fare with transfers to and from the rapid-transit 
lines is 10 cents; that for local riding on surface lines is 
5 cents. About 30 per cent of the riders pay the lower 
fare. 

Such a unified system of local transportation as that of 
the Boston Elevated provides an unusual opportunity for 
adapting each type of service to the best advantage within 
certain limitations. The expensive subways and ele- 
vated structures in fixed locations, however, provide little 
flexibility. They are dependent largely upon the surface 
railways, trackless trolleys, and motor buses as feeders. 

The surface railway situation in Boston is unusual, in 
fact is unique, in that in and even beyond the congested 
business section the cars run through subways and on 
overhead structure, which make them to this extent a part 
of the rapid-transit system, with which these structures 
connect. 

While the surface subways and viaduct expedite the 
movement of surface cars, they also decrease the flexi- 
bility of the surface lines. It is probable that the use of 
subways for surface cars is a temporary expedient in 
urban transportation, the logical use of such expensive 
way and structure being for rapid transit. 

The shifting demand for urban and suburban transporta- 
tion in a group of communities like metropolitan Boston 
renders necessary a ready adaptability of services. Thus 
in spite of heavy investment in track and overhead con- 
struction, it has been necessary to abandon many miles of 
surface railway when the demand for service was greatly 
reduced, or when the track was wearing out and the den- 
sity of traffic would not warrant rebuilding. 

The motor bus and, later, the trackless trolley entered 
the picture at the time when something was urgently 
needed to meet this situation. The Boston Elevated 
began to use the motor bus in 1922 and in replacing un- 
economical rail lines or in giving modern transportation 
to communities not previously adequately served in- 
creased its bus mileage from 63,959 revenue-miles in 1922 
to 10,485,554 revenue-miles in 1936. At the same time 
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the surface-car mileage fell from 37,195,035 revenue-miles 
in 1922 to 24,254,263 revenue-miles in 1936. The com- 
bined mileages of the 2 services show a reduction from 
37,258,994 revenue-miles in 1922 to 34,739,817 in 1936, 
or about 6.8 per cent. 

The experience of the Boston Elevated Railway with the 
trackless trolley has to date been on a small scale and 
extends back only to April 11, 1936, when a car line in 
Cambridge was replaced by a trackless-trolley line. Since 
this line was opened the weather has been favorable so that 
neither on it, or a line started early in 1937, has there been 
opportunity to observe operation under conditions such as 
prevailed during parts of the two preceding winters. The 
railway has now 49 vehicles in operation. 

The Cambridge line serves the Harvard square business 
district, and residential and business districts of East 
Cambridge. The terminals are important interchange 
points for car lines from Boston and for local radiating 
car and bus lines. 

The Cambridge trackless-trolley route is 2.6 miles long, 
one-way mileage, requires 10 trackless trolleys and fur- 
nishes a headway of 5 to 6 minutes in rush hours and 12 
minutes out of the rush hours. It replaced a car line. 

In another part of the elevated territory, in Malden and 
Everett, 3 trackless-trolley lines have been installed 
during 1937, all terminating at one end in the main 
elevated-line terminal in Everett. 

One of these, the Linden line, connects the terminal 
with an outlying residential section of Malden, and serves 
also certain business sections of Everett. The Linden 
line is 3.6 miles long, requires normally 13 vehicles, and 
gives a 5 to 6-minute time in rush hours and a 15-minute 
normal time headway. It replaced in part a car line and 
in part a bus line. 

The second Everett line connects the rapid-transit 
terminal and an important cemetery, which gives the line 
its name, Woodlawn. The Woodlawn line connects the 
business section with several residential districts. It is 
2.6 miles long, partly over the Linden line route, requires 
11 vehicles, and operates on a 3- to 4-minute headway in 
rush hours, and a 12- to 15-minute headway at other 
hours. This route replaced a car line. 

The third Everett trackless-trolley route operates out 
of the rapid-transit terminal and connects it with Malden 
square, 3 miles away by trackless-trolley route. Part of 
the route is over the Linden line. Here the rush-hour 
headway is from 5 to 6 minutes and the normal headway is 
15 minutes. Seven vehicles are required for this service. 
The 3 Everett lines operate from the same carhouse 
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The fares on the lines men- 
tioned, without transfer to the 
rapid-transit lines, is 5 cents. 
The base fare in Boston, 
as stated, is 10 cents. In 
elaboration of the above expression “in the preparatory 
stages,” following is the procedure locally. 

Prior to the inauguration of a new trackless-trolley line 
it is necessary to secure a permit covering the route from 
the city and town authorities within whose jurisdiction 
the route will lie, together with a location for the necessary 
poles, wires, and other appliances and apparatus. Before 
the granting of such a permit, it is necessary that a public 
hearing be held, notice of which must be published in one 
or more newspapers at least 14 days prior to date set for 
hearing. The granting of this permit must then be ap- 
proved by the State Department of Public Utilities, after 
advertising public hearings. After the poles and all the 
overhead construction have been erected and installed, 
it is then necessary to secure a certificate of safe operation 
from the Department of Public Utilities. 

Trackless trolleys have practically the same status as 
street cars in Massachusetts and are exempt from the 
requirements of the motor-vehicle law. In securing the 
necessary legal authority incidental to the operation of 
trackless trolleys, the procedure followed is that contained 
in the law governing street-railway locations. 

The adoption of a new form of transportation, even one 
only so moderately novel as the trackless trolley, and its in- 
tegration in a composite system, cannot be decided wholly 
from theoretical considerations. If a transportation 
system were being laid out as a new proposition, there 
would be much more freedom than exists in a situation 
like that of Boston. 

The management of the Boston Elevated followed with 
interest the experiments with the modern trackless 
trolley beginning in Salt Lake City, in 1928, and early 
made plans for trying out the vehicle locally. 

Extensive experience with the motor bus had demon- 
strated the advantages of an independent unit for existing 
rail routes on which the traffic had shrunk to or below the 
minimum at which car service is profitable, especially 
where the track needed replacing. The motor bus proved 
useful also in feeling out the traffic possibilities of a pro- 
posed route. 

The trackless trolley occupies a place between the trolley 
car and the bus. It is really a trolley car which does not 
require tracks. It operates noiselessly as contrasted with 
the car and without fumes as contrasted with the bus. 
In common with the bus and in contrast with the car 
it permits curb loading eliminating the risk involved 
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* These routes overlap to some extent. 
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Total length of street traversed, 7.8 miles 


in crossing traffic before boarding and after alighting. 

The trackless-trolley vehicle body is limited in size by 
street conditions. It probably will never be possible te 
build this vehicle with the capacity of a car running on 
rails. If a large number of people require service within 
limited periods, large vehicles are necessary. Trolley cars 
on rails are best for heavy peak loads, but where they have 
been ruled out on the basis of investment and operating 
cost, the largé-body trackless trolley vehicle is next best. 

Early trackless-trolley bodies were kept within bus 
size limits; but for use in cities with wide streets, vehicles 
wider than the early 96 inches were found practicable. 
Some designs went to 106 inches. The wider bodies make 
wider aisles possible and decrease the time required for 
passengers to board and alight. 

In Boston a 100-inch width is used, as the probable 
maximum width for local street layouts. 

The permissible length depends.also on street condi- 
tions, particularly at intersections. A body with seating 
capacity for 40 persons is a popular size, the length being 
say around 33 to 34 feet. This compares with a length 
of 6 to 8 feet less for the 30-passenger trackless trolley, 
also a popular size and used where traffic demands do not 
warrant the larger vehicle. 

As far as general design, seating, lighting, and other 
items the trackless trolley body utilizes the progress 
which has been made in the development of the comfort- 
able and attractive bus body of today. 

From the operating standpoint, the high acceleration 
rates and smooth pick-up of the trackless trolley permit it 
to make good speed amid vehicular traffic. This results 
from the large power capacity of the vehicle, from the char- 
acteristics of the series motor, which gives maximum 
torque at starting, and from the ease of control of the start- 
ing current by means of rheostats graduated in small 
steps. With these vehicles, the driver finds himself 
limited as to speed by his environment rather than the 
capacity of his equipment. 

The pedal control here, as in the gasoline motor bus, 
greatly facilitates smooth operation, as compared with the 
trolley car, besides leaving the operator’s hand free for 
other work. The absence of gear shift and clutch in the 
trackless trolley accentuates this advantage. 

The replacement of trolley cars by gasoline-motor buses 
on a large scale is a serious matter from the power stand- 
point to railways that generate their own power. This is 
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he situation in Boston, where the Railway has 2 up-to- 
late power plants, one having an installed generator ca- 
pacity of 120,000 kilowatts, the other of 60,000 kilowatts. 
‘There is an equally modern distribution system at 13,200 
volts, 3-phase, with automatic supervisory control in 
everal substations. 

The trackless trolley tends to offset this power load 
loss, and the low power cost under these conditions is an 
argument in its favor. 

The trackless trolley comes into prominence at a time 
when its designers can profit from experience gained in 
the development stages of other vehicles. In an earlier 
era of this development, when the trackless trolley was 
given a fair trial on Staten Island, N. Y., in Rochester, 
N. Y., and elsewhere it antedated the modern motor bus. 

The vehicle was a small car body mounted on a truck 
chassis with solid rubber-tired wheels. It proved not to 
be a formidable competitor of street railways, partly be- 
cause it had little in the way of comfort and speed to offer 
the passenger, and partly because the trolley car enjoyed 
_a high degree of popularity. 
_ Since then the modern gasoline motor bus has been 
evolved, a distinctive vehicle, profiting of course by the 
marvelous development of the automobile. The pneu- 
“matic tire must be credited with a large share in the 
present-day status of the motor bus, and in turn of the 
_trackless trolley. Not only tires, but bodies, steering gear, 
control and braking systems form the contributions of the 
motor bus to trackless trolley development. 

Still closer approach to the trackless trolley was the gas- 
electric bus, for this, among other things, forced the de- 
velopment of the light-weight series motor. It is a short 
step from the gas-electric bus to the trackless trolley, in 
fact in one type of trackless trolley it is no step at all, 
that is in the so-called ‘‘all-service’’ vehicle used on a large 
scale by the Public Service Coordinated Transport. 
This vehicle is driven by an electric motor which uses 
central power station energy where wires are available 
and uses a gasoline or Diesel engine to generate power 
where wires are not available. 

The trackless trolley undoubtedly owes something also 
to the research work done by the American Transit As- 
sociation in developing the so-called “P.C.C.” (Presi- 
dents’ Conference Committee) car. This research ex- 
tended to all of the elements of a modern rail car, many 
of which are found in the trackless trolley. 

While undoubtedly the trackless trolley utilized de- 
velopments in other vehicles, it in its turn has furnished 
incentive for further development of the high-speed light- 
weight motor. Motors of 125 horsepower are now in use 
in these equipments on 40-passenger trolley coaches, with 
a weight per motor of not much over 1,100 pounds. 
The combined weight of 2 65-horsepower motors, generally 
used on 2-motor equipments is several hundred pounds 
greater. The single-motor equipment also makes possible 
a saving in the weight of the control apparatus. 

Most of the trackless-trolley equipments recently ordered 
are single-motor equipments. Lower cost, less weight, 
and simplicity are the ruling considerations, offsetting 
the higher energy consumption due to necessary abandon- 
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ment of the series-parallel control which is standard on all 
d-c traction equipment. 

In some ways the use of rheostatic control in the track- 
less trolley seems like a technical step backward. It took 
a long time to develop and perfect the series-parallel 
method of bringing a vehicle to speed, a method which 
is relatively economical. On the other hand the 
power item is not relatively as important as it once was. 
Modern power plants produce electrical energy at a much 
lower cost than formerly, whereas other items of trans- 
portation cost have gone up. 

Again, the simplicity and smoothness of the rheostatic 
control offsets power costs. A great deal depends upon 
the skill of the operator as to the waste of power in the 
theostats. A new technique must be learned, to prevent 
unnecessary running on resistance points. 

The shunted field is an important feature of the single- 
motor equipment, which tends to improve operating 
efficiency and give better speed control. The design is 
such as to give a better free running speed and accelera- 
tion with one motor than with 2, and to permit better 
schedule performance. 

The advantages of the single-motor equipment are so 
appealing that only the lack of availability of a suitable 
axle delayed its adoption on the 40-passenger trackless 
trolleys, although it was used earlier in the 30-passenger 
vehicle, where a suitable axle for a single 65-horsepower 
motor was available. 

In the past, salient obstacles to the adoption of the 
trackless trolley have been the necessity for using 2 trolley 
wires and trolley poles, and the requirement that the 
mounting pole be sufficiently flexible to permit curb load- 
ing and passing of other traffic. Operating and construc- 
tion difficulties connected with the double trolley have 
been overcome and with careful design the overhead need 
not be unsightly. Overhead intersections and switching 
involve complications but improvement in line equipment 
has kept pace with the vehicle. The double trolley is not 
the bugaboo that it once was. 

The suddenness with which the trackless trolley has 
been accepted as a piece of rolling-stock in good standing 
is remarkable. It was not until 1935 that the number of 
vehicles in use was large enough to attract much atten- 
tion. From 1928 to 1935 there was an average increase 
around 70 vehicles per year. The next year the number 
nearly doubled and as this is written there are more than 
1,600 vehicles in service or on order, including the ‘‘all 
service’’ vehicles of Public Service. 

There appears to be a growing tendency to order 
trackless trolley for service of medium density where 
moderate headways are required, leaving the extremes in 
both directions for the trolley car and the motor bus, 
respectively. 

In all communities served by a public utility the 
patrons and the public are impressed by indications of 
progressiveness on the part of the utility. The addition 
of the trackless trolley to older equipment has a public- 
relations value in this direction. In the many cities where 
trackless trolleys have been recently adopted, an encourag- 
ing public appreciation has rewarded the management. 
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Introduction 


undertaken to determine the magnitude and char- 

acteristics of the abnormal voltage transients accom- 
panying the operation of load ratio control contactors on 
power transformers. As test results definitely established 
the fact that currents may be abruptly ruptured at other 
than normal current zero, accompanied by very severe 
over-voltages, the main purpose of the paper was directed 
to this phenomena, both from the experimental and the- 
oretical viewpoint. It is believed that the subject will 
prove interesting to anyone concerned with switching 
surges in general, especially in view of the fact that certain 
aspects of the phenomena appear not to have been pre- 
sented heretofore. Thus, the effect of current interrup- 
tion at other than normal frequency current zero is gone 
into in detail; general equations on recurrent restriking 
are given; the extremely interesting possibility of re- 
striking so as to practically discontinue the voltage tran- 
sient is described; and the paradox of an increase in re- 
covery voltage when shunt capacitance is increased is ex- 
plained. These points are illustrated and supported by 
oscillographic evidence. 

It should be noted, however, that in the experiments 
described, abrupt current rupture occurred only when 
values were 15 amperes or less, and were not obtained 
above 15 amperes. Furthermore, tests were limited to 
one type of circuit and to one type of switching device, 
namely, those used in connection with transformer tap 
changing equipments. Obviously the scope of the ex- 
periments is so limited that considerable caution must be 
used in forming general practical conclusions. 

The now classical theory of circuit breaker recovery 
voltages, as first given by Park and Skeats! and subse- 
quently extended by Boehne,? assumes that rupture of the 
current does not take place until a normal current zero. 


Te INVESTIGATION described in this paper was 
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At this instant the current permanently extinguishes and 
the isolated part of the circuit, comprising the inductances 
of apparatus and the (small) capacitances of windings, 
bus bars, etc., undergoes a local oscillation. In a single 
frequency local circuit of this nature the oscillation results 
because the circuit capacitance is charged to the circuit 
voltage prevailing at the instant of normal current zero, 
and for a completely reactive circuit this is the normal 


200 400 
MICROSECONDS 


Figure 2. Cathode-ray oscillograms of 2 switching transients 


frequency peak recovery voltage. It follows, then, that 
the transient oscillation has a maximum value not ex- 
ceeding normal frequency peak recovery voltage; and 
the total voltage across the switch contacts, being the sum 
of the high frequency oscillation and the normal frequency 
voltage, cannot exceed double normal frequency recovery 
voltage, actually less on account of the decrements. 

All of this has led to considerable speculation concerning 
the question: do currents extinguish precisely at a normal 
current zero? 


Current Interruption 


A switch will endeavor to open the circuit at the instant 
when the contacts begin to part, but an are forms and 


A paper recommended for publication by the AIEE committee on power trans- 
mission and distribution. Manuscript submitted September 17, 1937; released 
for publication October 16, 1937. 


L. F. BLuMeE is an assistant engineer for the General Electric Company, Pitts- 
field, Mass., and L. V. Bewrey is an engineer in the power transformer depart- 
ment of the same company. 


1. For all numbered references, see list at end of paper. 


ELECTRICAL ENGINEERING 


“igure 3. Components of the recov- 
ry voltage at instant of rupture 
(A)}—Normal-frequency component 


B)—High-frequency component due to 
tored electrostatic energy in the capacitance 


(C)—High-frequency component due to 
tored magnetic energy in the reactance 


Ecos @. cos wte-a 


EM sin 6. e78t sin wt 


‘maintains the circuit until it is disrupted by the surround- 
) ing dielectric. Ordinarily, this occurs so close to a normal 
| zero that it appears on the oscillograms as inter- 
ruption at a current zero. In order to examine the exact 
instant of rupture in more detail, records were taken with 
the 3-element cathode-ray oscillograph developed by E. J. 
Wade.? A single cycle of normal frequency was drawn 
out so as to occupy the whole length of the film (24 inches) 
but of only half an inch amplitude; so that the point of 
rupture was very distinct. It was found that the con- 
tactor could abruptly interrupt the current at values of 
the order of 5 amperes, which in these tests corresponded 
to cut-off some 10 degrees from a normal current zero. 
Two examples are given in figure 2a. The ensuing high- 
frequency oscillations in the current waves through the re- 
actor are clearly shown, and in figure 26 the corresponding 
high-frequency recovery voltages. The circuit consisted 
of a reactor of 0.25 henry inductance shunted by a capaci- 
tance of 0.003 microfarad. The natural frequency of the 
circuit was thus 


1,000 
QnV/ 0.25 X 0.003 


1 S 
So = 5,800 cycles per second 
Sox LC 
or about 100 times normal frequency. In appendix I it is 
shown, on the assumption of abrupt current interruption 
that the recovery voltage is approximately: 


—at 


a . 
¢& B| cos (ut ~ 8) — (cos 0+ sin) cos wt — 
w 


w, eee 
— sin fe sin wt 
63) 


in which E cos (wt—9) is the normal frequency voltage, 
@ the angle from a current zero at which interruption 
occurs, (w/2m) the natural frequency, and a the decre- 
ment factor. There are 2 components to the high-fre- 
quency oscillation. The cos wi term is that present when 
interruption occurs at a normal current zero, 6 = O, for 


then 
ea— Ecos at = e-* cos wt | 
=~ E(1 — cos wt) 


for short times and no decrement. This is the recovery 
voltage of the prevailing theory! and is seen not to exceed 
twice normal peak voltage. 
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The sin wt term exists only for finite values ‘of 0, but 
since w/w is usually quite high (100:1 in figure 2) it is clear 
that even a very small value of 0 will result in high volt- 
ages. It is this term which is responsible for the excessive 
voltages experienced during switching. Itis: 


(natural frequency) 
(applied frequency) 


L 
ba y- (cut-off current) 


This equation shows that: 


(cut-off current) 


w 
E- sin@ = E — 
w (normal crest current) 


(a). The higher the natural frequency the higher the voltage, hence 
the voltage increases inversely as the square root of the capacitance. 


(It will be shown later that this is not necessarily true if restriking 
occurs.) 


(b). The voltage is directly proportional to the cut-off current. 
This cut-off current is probably a function of the switch speed, type 
of switch, and other factors. 


Thus, if no restriking occurs, the recovery voltage con- 
sists essentially of 3 terms: 


Vf Th 
normal high-frequency 
frequency term depending 


= [rotare ‘i [er the capaci- 


III 
high-frequency 
term depending 


+ Jes the reactor { 


voltage tor voltage at 
instant of cut-off 


current at instant 
of cut-off 


of which the last is by far the most important. These 
components are shown as vectors in figure 3. 

Since, however, the tendency is to rupture very close to 
a normal current zero, the probability of large cut-off 
currents, and correspondingly high voltages, is not great. 
The following results, obtained by E. A. Elge, from sphere 
gap measurements on a 0.25-henry reactor shunted by a 
0.0003-microfarad capacitance, give the number of switch 
operations which were necessary to cause gap sparkover. 
It will be noted that the probability of voltages greater 
than 7 times normal is very much less than for the small 
voltages. 


ARC VOLTAGE 


The actual mechanism of current interruption by any 
switch must involve some sort of a rapidly increasing are 
drop which breaks the circuit when the resulting transient 
switch current passes through zero. Mr. C. Concordia, in 


Table | 
Gap Setting, Times Switching Operations to 
Kv (Rms) Normal Voltage Cause Gap Sparkover 
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an unpublished report, has calculated the recovery volt- 
age assuming the arc drop to increase linearly as a function 
of time, and under this assumption finds that for slow 
rates of increase of the arc drop the recovery voltage tends 
to become independent of the circuit constants, while for 
fast rates it tends to become independent of the switch 
characteristics. But the oscillograms of the present in- 
vestigation show the rupture sufficiently abrupt with re- 
spect to the natural periods, so that for all practical pur- 
poses it is sufficient to regard the current interruption as 
instantaneous. The current cut-off is equivalent to the 


CURRENT 
D CURRENT 
eae CURRENT D-c 


SWITCH BEGINS ™ 
TOOPEN ~~» 


A 
»~ ZERO LINE FOR? 
CURRENT 


Figure 4. Oscillogram of a d-c current interruption and 
switch travel 


application of a steep wave front. It is well known that a 
wave front even as long as 25 per cent of the natural period 
will succeed in developing at least 90 per cent of the os- 
cillation that a rectangular wave front could develop (see, 
for example, figure 113 of reference 4). For circuits with 
much higher natural frequencies than those with which 
this investigation is concerned, it may be expedient to 
consider more carefully the arc characteristics. The ab- 
ruptness of the cut-off is clearly shown on the oscillogram 
of figure 4 for the interruption of a d-c current. 


Restriking 


When the switch arc extinguishes the first time, a high- 
frequency oscillation is initiated. This transient starts 
with the current in the reactor and the voltage across the 
capacitor at the instant of rupture as initial values, and if 
not interfered with, the transient develops as previously 
described. As the transient voltage increases, the switch 
contacts are opening, thus increasing the dielectric re- 
covery strength of the switch. If the transient voltage 
overtakes the dielectric recovery, the arc will restrike, and 
the switch then makes a second attempt to open the cir- 
cuit. At this second attempt the recovery voltage tran- 
sient is very similar to that following the first attempt, ex- 
cept that the amplitude of the oscillation is reduced. In 
the meantime the switch has been continuously opening, 
acquiring greater dielectric strength, and therefore it will 
be a longer time before the arc again restrikes, if at all. 
Thus current interruption is a race between the rate of 
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increase of dielectric strength and the rate of rise of the 
recovery voltage, and restriking gives the switch time to 
open. 

The general equations of the restriking phenomena are 
given in appendix II. The principal term in the voltage 
transient following the k’th restrike is: 


eS —wLlIype-* sin w(t — te) 


in which J, is the initial current in the reactor at the start 
of the k’th restrike and lags the voltage by approximately 
90 degrees, and ¢, is the instant at which this restrike oc- 
curs, counting time from the initial current rupture. The 
vector diagram of the successive restriking, taking cog- 
nizance of the above term only, is shown in figure 5A, the 
instantaneous values being the projections on the vertical 
axis. The sequence of events is as follows: at 4=0 the 
switch ruptures the circuit for the first time and the volt- 
age vector 


—wLIpe-“ sin wt 


begins to revolve at the high frequency angular velocity 
w, and to shrink exponentially. At time 4 when the in- 
stantaneous voltage is e; the voltage is sufficient to break 
down the dielectric of the switch and the first restrike 


occurs. The current in the reactor at this instant is 


qT = ipa cos ut; 


and the new voltage transient is 


—at 


e = —wLIy cos whe sin w(t — ti) 


or the previous transient reduced by cos w#, and starting 
at time tj. By the same reasoning the voltage following 
the second restrike is 


e = —wLIy cos wt; cos w(t — t)e~*’ sin w(t — te) 


Successive restriking of this nature continues to take place 
until the dielectric strength of the switch has increased to 
a value such that the transient voltage is unable to break 
it down. Thereafter the transient voltage is simply a 
dampedoscillation, shown in figure 5 as a logarithmic spiral. 


Vas 


-WL 17 att) SIN W (t-*x) 


Figure 5. Wector 
relationships —_in 
restriking — phe- 
nomena 

(A)—Successive re- 


striking with a final 
oscillation 
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(B)—Successive re- 
striking without a 
final oscillation 
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If, now, the last restrike occurs at the crest of the oscilla- 
tion, as shown in figure 5B, the current is zero, and there 
will be no damped oscillation associated with the elec- 
tromagnetic energy, although an oscillation will exist due 


to the electrostatic energy which has been neglected in the 
foregoing. 


EFFECT OF DIELECTRIC RECOVERY RATE 


In figure 6 the dielectric recovery is shown as a straight 
line starting at the same initial value, but with 4 different 
slopes, or rates. Only part of the first half cycle of each 
oscillation of voltage is shown. Actually, the transient is 
a damped oscillation about the time axis. In figure 6a 
te dielectric recovery (d.r.) is so fast that the oscillation 
reaches crest without restriking, and the recovery voltage 
py”) is the maximum possible for a given angle of rup- 
ture 6. If, now, the d.r. is slowed down, as in 6B, the 
s r.v. meets the d.r. at point a, and then restrikes in- 
stead of rising on to the previous crest V;, and the second 
attempt carries the crest to some value V2’, less than Vj. 
In 6c the d.r. has been reduced so as to involve 2 restrikes, 
while in 6D it has been reduced to show 3 restrikes, and 
wart! < Veit re Ww < vo 


4 
EFFECT OF INITIAL ANGLE OF RUPTURE 


As previously discussed, for an unhindered oscillation 
the amplitude of the r.v. is directly proportional to the 
cut-off current, that is proportional to sin @ where @ is the 
angle from a current zero at which the switch makes its 
first attempt to open the circuit. But if restriking occurs 
this is not true. Figure 7 illustrates the effect of the 
cut-off angle @ when restriking occurs, the d.r. being the 
same for all angles. In 7A where 6 = 4 degrees, 3 restrikes 
occur in succession before the d.r. finally escapes the 7.v. 
In 7B the angle is @ = 3 degrees, and only one restrike 
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Figure 6. Effect of dielectric recovery rate 


Initial angle of rupture—@ = 4 degrees 
Natural period—T = 200 microseconds 
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Natural period —T = 900 microseconds 


occurs, and on this account V2’ is very little less than V,, 
although V;’ = 0.75 Vi. In 7C at 6 = 2 degrees there 
is no restriking and Vj" = 0.5 V;. A further reduction 
to 6 = 1 degree reduces the 7.v. to Vi'"’ = 0.25 V3. 


EFFECT OF CAPACITANCE 


When restriking occurs, it is quite possible to obtain 
higher 7.v. by adding capacitance, which is quite contrary 
to the case when no restriking occurs. The addition of 
capacitance does 2 things: (1) it reduces the amplitudes 
proportional to 1/+/C; and (2) it increases the natural 
period proportional to ~/C. Therefore, as shown in 
figure 8, it may be that the number of restrikes can be re- 
duced if the natural period is increased, and on this ac- 
count a higher voltage produced than would result with 
more restrikes at a smaller capacitance. Thus in 8A 3 
restrikes occur before the oscillation develops with a crest 
of Vs = 70 per cent. Increasing the capacitance by 35 
per cent as in 8B increases the natural period just enough 
to permit only one restrike, and the resulting crest voltage 
V2 = 76 per cent; while in 8C, where the capacitance has 
been doubled, restriking is avoided entirely and the r.v. 
crest is V; = 72 per cent. A further increase in capaci- 
tance, as in 8D, can only result in a reduction of r.v. crest, 
in this case to Vj = 57 per cent. 


Oscillographic Evidence 


EFFECT OF CAPACITANCE 


The foregoing effects are well illustrated by the reactor 
voltage oscillograms of figure 9. In 9A the shunt capaci- 
tance was only 0.004 microfarad and the natural period 93 
microseconds. A few restrikes are discernible at the be- 
ginning of the transient, near the crest of the normal fre- 
quency voltage. Normal voltage was 1,400 volts (crest), 
and the transient carried to 3.5 times normal. 
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For 9B the capacitance was 0.25 microfarad and the 
natural period 1,360 microseconds. This oscillogram ex- 
hibits a single restrike. The voltage is materially less 
than in 9A on account of the great increase in capacitance. 

For 9C the capacitance was 0.5 microfarad and the 
natural period 960 microseconds. The transient was too 
slow and of too low amplitude to permit restriking. 


DIELECTRIC RECOVERY 


In figures 6, 7, and 8 the dielectric recovery was shown 
as a straight line starting at a finite value. Actually, this 
recovery must start at zero, and apparently at first in- 
creases very rapidly and then at a more uniform rate. 
But it must not be supposed that the d.r. is always at a 
uniform rate. The envelope of the restrike is, in fact, the 
curve of dielectric recovery against time; for such a curve 
gives the breakdown voltages at various instants. When 
matched with a record of the switch travel against time 
it is possible to correlate the d.r. with the switch opening. 
Records of this nature were taken as shown in the magnetic 
oscillogram of figure 4. 

The erratic nature of some of the dielectric recoveries 
is illustrated by the oscillograms of figure 10. Thus in 
10A 3 small restrikes are followed by a larger restrike, 
then another small one, and then a very pronounced final 
restrike, after which the switch succeeds in opening, and 
the circuit enters into its oscillation. In 10B the restrik- 
ing repeats many times at essentially the same voltage 
before the switch suddenly becomes deionized and re- 
covers. In 10C the restriking sequence starts to build up, 
but suffers a bad relapse lasting over many small restrikes 
before the circuit opens. In 10D a single restrike is fol- 
lowed by a half cycle of high-frequency oscillation, and 
then restriking occurs twice at the opposite polarity. 

The envelope of restrikes has been plotted for most of 
the 74 oscillograms taken, and representative curves shown 
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Initial angle of rupture—9 = 4 degrees 
Natural period with C— T= 200 microseconds 


1468 


Blume, Bewley—Switching Surges 


ONE RESTRIKE, y=3050 C70.25MF 
9 i - 


eS. 


Figure 9. Effect of capacitance 


Top—C = 0.004 microfarad, several restrikes 
Middle—C = 0.25 microfarad, one restrike 
Bottom—C = 0.5 microfarad, no restrikes 


in figure 11. It is seen that the dielectric recovery is very 
erratic for this type of switch. 


VANISHING OF THE OSCILLATIONS 


The higher up on the oscillation at which restrike occurs, 
other things being the same, the smaller the amplitude of 
the subsequent oscillation, and restrike on the crest prac- 
tically discontinues the transient. The appropriate equa- 
tions are given in appendix II, and the physical reason, 
as previously discussed, is simply that restrike at the crest 
of the voltage oscillation corresponds to zero current in 
the reactor, while immediately following restrike the 
voltage to which the capacitance is charged is the normal 
frequency voltage, so that the only energy supporting the 
subsequent oscillation is that of the capacitance charged 
to normal voltage. 

This effect is illustrated in figure 12. These oscillograms 
are for a 125-volt d-c circuit, and as seen, the transient 
voltage at about 22 degrees results in a voltage of 8,400 
volts (67 times normal). In 12B the restrike occurs at 
about 78 degrees and this is so close to a voltage peak 
that the subsequent oscillation is greatly reduced. In 
12C and 12D the restrike occurs on the crest of the oscil- 
lation at about 90 degrees and the subsequent oscillation 
is barely discernible on the oscillograms. This small 
oscillation is really of normal voltage amplitude, but ap- 


pears insignificant compared with the high transient volt- 
age peaks. 


SHUNT RESISTORS 


The provision of a shunt resistor offers a parallel path 
for the reactor current after the switch has opened, and 
thereby limits the recovery voltage. There is a critical 
value of resistance r = 0.5+/ L/C which suppresses the 
oscillations. In figure 13B is shown the effect of shunting 
a circuit of L = 0.055 and C = 0.001 with a resistance of 
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Figure 10. Erratic nature of restriking 


5,000 ohms. The critical resistance in this case is r = 
3,700 ohms, so that there is still a tendency to oscillate 
with 5,000 ohms. 

Figure 13C shows the effect of a Thyrite shunt. Since 
this material has a resistance characteristic which is low 
for high voltages and high for low voltages, it is to be ex- 
pected that when used as a shunt resistor the higher 
voltages will be prohibited, but free oscillation can develop 
at reduced voltage. The oscillogram of 13B confirms this. 

The result of a step-by-step calculation, according to 
appendix II, is shown in figure 14. This shows that with 
an appropriate Thyrite shunt there is no excessive voltage 
across the switch contact, and the transient is a smooth 
curve free of oscillations. The Thyrite shunt not only 
limits the recovery voltage, but also substantially reduces 
the rate-of-rise, thereby lessening the duty on the breaker. 


Tests 


The special testing technique for this investigation was 
worked out and supervised by E. J. Wade, and it was only 
through the use of his 3-element cathode-ray oscillograph* 
that suitable data were obtained. Preliminary tests were 
conducted by E. A. Elge, of which figure 2 isa sample. A 
total of some 250 oscillograms, both magnetic and cathode 
ray, were secured; and these cover 2 different reactors, 
6 different shunt capacitances, constant and Thyrite 
shunt resistors, 2 different load ratio control switches, and 
both a-c and d-c switching. . 

A photograph of the standard LR-17 switch used in 
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these tests is shown in figure 15. This switch is compara- 
tively ‘‘fast,” having a total switching time of 0.007 
second, and an initial rate of opening of 0.004 millimeter 
per microsecond. For comparison, a LR-28 switch having 
a switching time of 0.020 second, and an initial rate of 
opening of 0.0015 millimeter per microsecond was also 
tried. 

The test circuit is shown in figure 1, the essential ele- 
ments being in heavy lines and the recording and auxiliary 
elements in light lines. The inductance for most of the 
tests was an oil-filled commercial reactor rated OT-60- 
369-1590-77.4, for load-ratio control, and had an induc- 
tance of 0.0055 henry. The capacitance varied from the 
0.002 microfarad of the cathode ray oscillograph divider 
to shunts of 1.0 microfarad. The power supplies consisted 
of a 1,000-volt 20-ampere a-c source, and a 125-volt 25- 
ampere d-c source. To protect these sources from exces- 
sive switching surge voltages, and also to simulate an 
“infinite bus,’”’ a large protective capacitor of 0.5 micro- 
farad was across the power supply but on the line side of 
the switch. The transient voltage across the reactor was 
recorded by one of the tubes of the 3-element cathode-ray 
oscillograph, through the capacitance divider. 

A current transformer with a resistor across its second- 
ary was intended to yield both cathode ray and magnetic 
oscillograms of the switch current. But these proved dis- 
appointing, as the flux trapped in the core of the current 
transformer, upon interruption of the current through the 
switch, decayed exponentially through the resistor and 
gave an entirely erroneous picture of the current cut-off. 
This was confirmed by changing the value of the resistor, 
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pressing of a button started in proper sequence the driving 
motors of the switch and of the magnetic oscillograph. A 
second auxiliary arm on the switch was arranged to initi- 
ate the cathode-ray oscillograph by making a contact 
prior to the opening of the switch. 

All of the oscillograms were analyzed by W. D. Whinery, 
Jr., and the magnitudes, frequencies, number of restrikes, 
restriking peaks, and other pertinent information tabu- 
lated. The examples given in the paper are typical and 
were selected with a view to illustrating the various 


characteristics of the phenomena. 


Conclusions 


This study has shown that, for the types of circuit and 


switches employed, switching surges may be characterized 


as follows: 


1. The dielectric recovery strength of the switch was very erratic, 


and no correlation has been found with the factors involved. A 


3-to-1 increase in switch speed did not make any material difference 
in the recovery rate. 


2. The current interruption by the switch usually occurred at or 
very close to a normal-frequency current zero, but rupture at other 
than current zero was by no means uncommon. Apparently the 
current cut-off was sufficiently abrupt so that for all practical pur- 
poses it may be regarded as instantaneous. The highest a-c cut-off 
current observed was about 5 amperes at 10 degrees from a current 


_ RESTRIKE NEAR 90° 


Figure 12. Effect of the point on the high-frequency oscilla- 
tion at which restrike occurs (d-c switching) 


which changed the time constant of the exponential decay. 
In addition, this current transformer broke down some- 
time during the tests and was defective for an unknown 
period. Magnetic oscillograms of the circuit were also 
obtained from a series resistor. These, however, did not 
show the point of current cut-off sufficiently distinctly to 
be of much use. 

A sphere gap gave verification of the order of magnitude 
of the overvoltages. Since the voltage for a given cir- 
cuit depends upon the intial angle of current rupture and 
on the number of restrikes, it was necessary to make suc- 
cessively more switching operations for each higher gap 
setting in order to be sure that the highest possible volt- 
ages were obtained. 

The switch travel indicator for recording the rate of 
opening of the switch contacts was merely an auxiliary 
arm attached to the switch and arranged to move over an 
excited resistor as shown in figure 1. The vibrator of the 
magnetic oscillograph was connected between the switch 
auxiliary arm and a point on a potentiometer which was 
adjusted so as to give zero vibrator deflection just as the 
switch contacts began to part. A typical record is shown 
in figure 4. The total switch travel from the instant when 
its motion is initiated until it is completed is roughly a 
half cycle of a cosine curve (cos at), but over the range 
from the instant when the contacts begin to open until 
the current is finally interrupted, the switch travel is 
essentially at constant speed. 

The control circuit of figure 16 was devised, so that the 
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sometimes occurs in mercury-arc rectifiers. 


Blume, Bewley—Switching Surges 


This, incidentally, is the order of current snapping which 
D-c currents were 


Zero. 


abruptly interrupted at about 20 amperes. 


3. If no restriking occurs, the recovery voltage consists essentially 


of 3 terms: 
high frequenc high frequenc 
normal . q y : 4 fe 
term depending term depending 
frequency , 
= +’\on the voltage at /+’, on magnitude of 
recovery ; 
instant of current of the cut-off 
voltage 
current cut-off current 


The second term is 
a maximum for current interruption at a normal current zero, for 
the voltage to which the capacitance is charged is then a maximum. 
But this term never exceeds normal voltage. It is the third term 


The first term is, of course, normal voltage. 
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“NOSHUNT RESISTOR _ 
V=1400 


ZERO AXIS. 


SE 


5000.0 RESISTOR 
vsti20. -03? c=0.001MF 


60~ 
43,000~ 


ZERO AXIS 


THYRITE RESISTOR 


g P0082 CESCCOOLME 


43,000~ 


Figure 13. Effect of shunt resistor 
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= = : ae 
which is responsible for the really high voltages. It represents the 
stored magnetic energy in the reactance, and is therefore greater 
_ the greater the current in the reactor at the instant of cut-off. Thus 
_ the further away from a current zero that rupture occurs, the higher 
) the recovery voltage. The 2 high-frequency terms are in time 

quadrature and therefore do not add directly. Overvoltages of 


18 times normal were obtained with a-c switching and 72 times 
normal with d-c switching. 


4. Successive restriking was found to be the most influential factor 
of the recovery characteristic. Restriking was so abrupt as to be 
practically instantaneous and was followed by an immediate dielec- 
tric recovery. 


) 


5. The amplitude of the oscillation following the final restrike 
depends upon the point on the preceding oscillation at which re- 
strike occurs, and if this happens near the crest, the transient can 
be reduced to normal voltage amplitude. A succession of restrikes 
reaching ultimate values many times normal, and then suddenly 
terminating in a very trivial oscillation, present a rather uncanny 
appearance on the oscillograms, but are simply explained and easy 
to calculate. 


'’ 


6. The addition of shunt capacitance will always decrease the 
recovery voltage crests if there is no restriking, but if restriking 


a Figure 14. Effect 
of Thyrite shunt 
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Figure 15. Load- 
ratio control 
switch used in 

tests 


occurs it is possible to get higher voltages by adding capacitance; 
because the capacitance decreases the frequency to the same extent 
that it decreases the amplitude, and this may allow the switch to 
finally open with fewer restrikes. 


7. A shunt resistor can be chosen which will suppress the transient 
recovery voltage to any desired extent. This resistor may be either 
constant or of such a material as Thyrite. A Thyrite resistor not 
only suppresses the overvoltage, but also reduces the rate of rise. 
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Appendix | 
Finite Current Cut-off 


This appendix describes the modification necessary in the con- 
ventional theory to account for the great amplitude of the high 
frequency oscillation in the recovery voltage. Referring to figure 
17 there is shown a generator supplying current to a reactor L having 
series resistance R, and shunted by a capacitance C and a leakage 


Figure 16. Con- 
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Figure 17. 
circuit 
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conductance G. The series resistance R, under high frequency 
conditions, will be many times the steady state d-c resistance of the 
winding. The capacitance C is the effective circuit capacitance 
including the series and shunt capacitance of the reactor winding, 
leads, etc. It is of the order of 0.001 microfarad, unless extra 
capacitance in the form of an actual capacitor is deliberately added. 
It may be remarked here, that the smaller the inherent capacitance 
of the circuit, the more important it is; because the amplitude of 
the high-frequency recovery voltage is almost inversely propor- 
tional to the square root of the circuit capacitance. The leakage 
conductance G is rather indefinite, unless a shunt resistor is con- 
nected across the reactor terminals. It will be shown that the 
high-frequency oscillation can be wiped out by a resistor of a few 
thousand ohms. 

The conventional mathematical device for calculating recovery 
voltages (across the breaker terminals) as introduced by R. H. Park 
and W. F. Skeats,! consists in superposing an equal but opposite 
current through the breaker contacts at the instant of rupture. 
Thereafter, this superposed current cancels the steady state current 
through the breaker, and since there was no voltage across the 
breaker (the contacts being closed) associated with the steady state 
current, the ‘recovery voltage’? must be due entirely to the super- 
posed current. If, now, we assume the current to rupture at an 
angle @ prior to a current zero, the superposed current is, in opera- 
tional form: 

pw cos 0 — p? sin 6 


p? + w? 


4 =TIsin (wt — 0) =I (1) 
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The operational impedance of the circuit, as viewed from the breaker 
contacts, is 


en eer PL tie Ae 2 
Z(b) = Toon + (LG + RC)p + (RG + 1) ) 


The operational equation for the recovery voltage then is 


4 I p(p + b)(w cos 6 — p sin 0) 

i Sy a EE es A) 3 
= AP)E= CS (pe wt\(p + Dap + AY oY 
in which 

T/GOeR R RG +1 

= _ _ | — ee = 4 

, (6 us *) er an EG (4) 


The solution of 3 is easily effected by the expansion theorem, and 
is 


ff +B) et) . 
© Cw? (1 + a?/w? — w/w)? + 40%w?/w! 


sin(wt — 6 + di — dx) + 


E i (° = °)"] | (cos grein 0+ (Esin o)'| 
Ww (3) @ 
(1 — a2/w? — w*/w*)? + 40?/w? 


x 
e ™ sin (wt + os — os + $5) l (5) 


where 
wt = A? — q? 


¢: = tan(w/b) 


2aw 
at = ot + w? 


$3 = tan ( z ) 
b-—a 


fig RE w sin 0 
w cos 6 + asin 6 


2aw 
A a (0 ee 
a? = w? poe w2 
If, as would normally be the case, w is large compared with a, }, 
and w, and w is large compared to 0, there is approximately ¢, = 90 
degrees, do = O degrees, ¢; = 90 degrees, ¢; = 180 degrees, w? = 
1/LC and 5 becomes 


i = in 


$5 


c= Ey cos (wt — 6) — core +2 sin 6)? + (2 sin oy’ x 
wW @ 
e “ cos (wt — oy! (6) 


where — = +/ R? + w?L? I = normal voltage 


RUPTURE AT ‘‘CURRENT ZERO” 


Putting 6 = O, then ¢, = O and 6 yields 


e = E(cos wt — e~™ cos wt) (7) 
and it is usually assumed that the decrement is negligible. Then 
there is the usual formula 
e = E(cos wt — cos wt) 

= E(1 — cos wé) for short times (8) 


According to this, the recovery voltage consists of a simple oscilla- 
tion about normal voltage as an axis, and the amplitude of the 
oscillation is the same as normal voltage. 


RUPTURE AT FINITE CURRENT 


Unless a shunt resistor has been added, G will be so small that the 
approximation 6 holds, and it may be expanded into the form 
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an a 
e=F | cos(ut ~ 9) — (cos 6 + — sin @) € % cos wt — 
w 


(2 sin ) e—* sin ut | (9) 
@ 


and the last term is responsible for the very high voltages experi- 


enced. It is 

w natural frequency cut-off current i. 
EO) La SS eh Seen 

w applied frequency / \normal crest current 


(10) 


Lb 


This equation shows that: 
(a). The higher the natural frequency of the circuit the greater the 


ampfitude. Since the natural frequency is very closely 


a 1 
Ci eee ry. (11) 


it is clear that the amplitude of oscillation is inversely proportional 
to the square root of the capacitance. Hence, the addition of capaci- 
tance will decrease the amplitude. 
(b). The higher the current at which rupture occurs the greater 
the voltage. In fact, the recovery voltage is directly proportional 
to the cut-off current. It is not yet clear if there is a maximum 
cut-off current at which a given switch can rupture the circuit. 
If so, then the higher the normal crest current in a circuit. the 
smaller the recovery voltage, since it is the ratio of cut-off to normal 
current which is important in equation 11; and therefore if there is 
an upper limit to the cut-off current (for a given switch), normal 
current is important. 

As an example let: 


= +/2 X 2,000 = 2,828 
= 0.25 henrys 

0.003 microfarad 

= 2xf = 377 

= 0.003 X 10° 

= () 

=O (Gui) = O76) 


1 
ViLGe 
By 9, if ¢ is in microseconds 


3 
2828 [cos (0.000377t — 10°) — (0.985 + = X 0.173) * 


ec7rR ECE QHB 
ll 


& 
| 


é 


€— 9-003! cos 0.0365t — 


36500 3 
377 X 0.173 €~°-°°% sin 0.0365¢] 


2828 cos (0.000377 — 10°) — 6690 «~9-°98 cos 0.0365t — 
47400 «—9-98' sin 0.0365 


This has a maximum of 438,000 volts, or 15 times normal. The 
value of a used in this problem corresponds to a leakage resistance 
of about 55,000 ohms. 


SHUNT RESISTOR 


The circuit can be rendered nonoscillatory by the addition of a 
shunt resistor such that 


1t/GatR\ a /RGRE 
a> 4? pet ff aie os soe! 
« yor + (E+ 2)" = ( LC ) 


or approximately 


ceay¥e 
L 


Under this condition the high frequency oscillation is adequately 
suppressed. Taking the example in the previous case, and assuming 
a shunt resistor of 6,000 ohms, we have by 4 


(12) 


(13) 
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' 
; 
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The high-frequency oscillation has a maximum at (t = 


Initial Conditions 


Table Il 


Initial Conditions 


Switch 
eae ee Sie a es Dielectric ee eee yea 
urren Voltage Strength Voltage Current Voltage Current 

Begin to rupture i,(t, 0) = 0 0 i i 

Be Peet Oiracsats Obra ayes ooeJo = —I sin @....Ey = E t) 

an “ a ° : 0 COSA ahah cae meteor ats (Ariens, ae rece i 
Misst rapture Ea(t) Belles Weve. eevee, fife it Oersee Bimal, Onc, Bite ivcs ca... “ ineaenes: bhorh # ee ie its 
Serra) > Bader rsrtitca reser a me Td, A) ac cck Mawel t iB oasis aciccas son 10... eke: ER aCe Shek eee Ca ere che i() ta) 

t, ts 0 


ert Switch Reactor 
Event Instant Current Voltage Strength Voltage Voltage Current 
eee a z oo x ASA sia} eae ies. Tye rm TERI ore ss Pare EETCOW O strciiss aes a Bagh) ie ycetcaronis Ga hy Odis evinces © 2, O)s a(t, 0) 
aly resGike B,(h) eigen oe ‘ SS a : = Ne 3 sete eens a = bie Se: = atk piles earn 2G Denier Hp) hn, cera 
x uM BAR ele Stabe sie Ohixx marae. whale = is BLD ose Sieh wig = wh — eer TC Nes eet: GNF py FS) is 0. a citeysye tei UF 5 CM) etergiets.siatecs i 

BUM LOSETIRO so, kan ws winx @ ik eMusic On ae BPE OLE Sot ate ee a i Ey = E cos (wis — 0)... Eg(?).......... uh As Meeereartn HY 5 Piven a 4 

i 167 ; i ; 
peeled xe tp = —Ising + DAi, 20 

2 (32) ger d ae 

tg = $(€.) = Thyrite current as function of the voltage (21) 
| 1 
“= “aye AA Herefrom the step-by-step calculation can be performed in the 
EC following sequence: 
\ ae ees 280007 = 23,450: 
0.25 X 0.003 j At t AiL iL iR Aec ec 
Hence by 5 there is approximately 
Oe cere —Isin@..... EXCOS @)aenicn ar eet E 
: ee 36500 \2 1 (0.000871 Fe CD) nresctectie's Give vines (SG) epcentsreran aa Sere earte a , fee 4 acnoig’ Git (5) oes 
— — ———— set PS i — ne Bathe my pin ange Aes 
Sone aye 77 as (2) (Beals feet (Dies tinea cree (6) 


11.28 «—°-°8 sin (0.02345: — 58.6°) t 


I 


2828 cos (0.000377# — 10°) + 77500 «—°-0%8 
sin (0.02345¢ — 58.6°) 


73) of 
6,350 volts, and the total voltage does not exceed 3 times normal, 
as compared with 15 times normal for the case without shunt 
resistor. 

Had the shunt resistor been ‘“‘critical,’’ as called for by 13— 
about 4,500 ohms—the transient term would have been of no 
concern. It is suggested that 13 be adopted as the proper criterion 
for a shunt resistor. 


Thyrite Shunt 


When a Thyrite shunt resistor is employed to suppress the mag- 
nitude and rate-of-recovery of the transient, it is necessary to resort 
to step-by-step calculations. Assuming, as before, that the switch 
opens at an angle @ from a normal current zero, and neglecting the 
are drop, the initial conditions immediately following rupture of 
the switch current are: 


i, = —Isin 0 (14) 
é. = Ecos @ (15) 
i; =O =t, +tz + te (16) 
Substituting increments for differentials there is 
te tt + tr 
Ae, = C At=-— (2+) At (17) 
e. = Ecos# + ZAG (18) 
: é, 
Ai, = a At (19) 
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Appendix II 


Recurrent Restriking 


Current interruption at other than a normal current zero results 
in the initiation of a greatly magnified voltage transient. If this 
voltage transient is able to overtake the increasing dielectric strength 
of the opening switch contacts, the arc will restrike and thus post- 
pone the final rupture of the circuit. A number of restrikes may 
occur in succession before the switch gap is able to sustain the 
recovery voltage. In effect, a series of restrikes is equivalent to 
circuit interruption at a lower current than prevailed at the first 
attempt; so that the transient recovery voltage is substantially 
reduced. Moreover, since the switch contacts have been con- 
tinually parting during the restriking period, the dielectric strength 
of the opening switch has ample time to’ become established and 
effect the final rupture. 

An additional interesting fact associated with restriking of the 
switch is the possibility of obtaining higher recovery voltages by 
increasing the circuit capacitance, which is quite contrary to the 
case when no restriking occurs. The reason for this is that the 
addition of capacitance not only reduces the crest of the transient 
recovery voltage (inversely as the square root of the capacitance), 
but also reduces the natural frequency in the same proportion. It 
is thus possible for the switch to open with fewer restrikes, or even 
to escape restriking entirely, if the natural frequency is reduced, 
and on this account a higher recovery voltage results. Of course, 
if capacitance is added beyond that necessary to just avoid re- 
striking, there is a decrease of recovery voltage. 

There are 2 kinds of “events” associated with recurrent restriking 
of the switch arc: (a) the characteristic transient during arcing 
and, (b) the characteristic transient when the switch is clear. Each 
of these transients depends upon the currents and voltages existing 
at the initiation of the event; and these initial values are determined 
from the corresponding end conditions of the preceding event. 
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The analysis consists, then, in deriving the appropriate equations - 


for each kind of transient, and the formulation of a procedure for 
determining the integration constants in proper sequence. In the 
interests of simplicity a circuit consisting of ZL and C in parallel will 
be considered. 


ARCING CONDITIONS 


During arcing of the switch the voltage applied to the circuit is 
(1) 


in which E cos (wt — @) is the applied normal frequency voltage 
and f(t) is the are drop expressed as a function of time ¢. More 
generally, the are drop depends upon the current, kind of contacts, 
and other factors, but will be here regarded merely as a function 
of the switch opening, hence of time. Park and Skeats! have given 
an example (their figure 12) in which the arc drop at the instant 
of clearing was taken into account in calculating the recovery tran- 
sient. Recently C. Concordia, in an unpublished report, has cal- 
culated the recovery voltage assuming the arc drop to be a linear 
function of time A?/, and under this assumption has found for slow 
rates of increase of the arc voltage that the recovery voltage tends 
to become independent of the circuit constants, while for fast rates 
it tends to become independent of the switch characteristics. 

Adhering, for the sake of generality, to f(t) as the arc drop, the 
current through the inductance is 


e = Ecos (wt — 6) — f(t) 


1 
i Lf tz c0s (ws — 6) —f()) d& =A+ 
tes 
— sin (wt — 6) — F(t) (2) 
oL 
in which A is an integration constant and 
1 
no = * f roa (3) 
ee I, att = t; then 
t~=1I;+ TF [sin (wt — 0) — sin (wt; — 6)| — [F(t) — F(t;)] (4) 
Ww 
The capacitance current is 
: de } 
1, = Oe = — wCE sin (wt — 6) — C: f(t) (5) 
and the total switch current is the sum of (4) and (5) or 
; E : 
ig =I, + a [(1 — w? LC) sin (wt — 0) — sin (wt; — @)] — 
® 
LF) — Flt)] — C-f'(t) (6) 


If f(t) is known, or assumed, the transcendental equation 6 deter- 
mines the instant ¢j;+ 1 at which the switch current is passed 
through zero; and then (1) and (4) give the capacitor voltage and 
inductance current at this instant. 


NONARCING CONDITION 


When there is no are across the switch the differential equation is 


(7) 


for which the solution is 
t= Acos wt + B sin w! 


(8) 


and 


— wLA sin wt + wLB cos wt (9) 
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Ifi = I, ande = Ey att = t, these give 


(10) 


E, 
4 =I; cos w(t — te) + =r i w(t — tx) 


@= — wll; sin w(t — tx) + Ex cos w(t — tr) (11) 


in which bars have been placed over the quantities to distinguish 


them from the corresponding quantities under the arcing condition. 
The voltage across the switch is 


é; = Ecos (wt — 0) —e (12) 
and the dielectric strength of the open switch will be taken as a func- 
tion of time E;,(t). 
probably a function of the previous arc current and other factors, 
but will be considered as a simple function of the switch opening, 
that is of the time. It is clear from the test results that E,(¢) is not 
linear. In many cases it first decreases and then increases, and is 
sometimes very erratic. 


RESTRIKING 


Suppose the switch makes its first attempt to open the circuit at | 


time t; = t) = O at which instant 


e(0) = Ey = Ecos @ + f(0) (13) 
i(0) = Ip = = sin 6 (14) 
Hence by (6) the switch current is 
ts (t, 0) = = (1 — LC) sin (wt — @) — 

FF) + IO) SC-7 (15) 


Equating (15) to zero and solving for t = t; = t; gives the instant at. 
which the current extinguishes, at which instant 


by (1) : e(h, 0) = Ecos (wt; — 0) + f(A) = EF; (16) 
é ES. 
by (4) : 2(4, 0) = OL sin (wh — 6) — F(t) + F(0) = I, (17) 
@. 
Substituting (16) and (17) into (10) and (11) there is 
2 Fier 
i(t, i) = cos w(t — h) + — sin w (t — fh) (18). 
wl 
é (t, th) = —wLll, sin w (t — th) + Ey cos Ww (t — th) (19). 
és (t, h) = Ecos (wt — 0) + wll, sin w(t — 4) — 
E, cos w(t — t) (20). 
This condition persists until a time tf = t; = f such that 
és (ta, th) = Eg(ts) (21) 


when the arc restrikes. The end conditions at t = ft are then given. 
by (18) and (19) as 


i (th) = Ie 


E; 


(22): 


é (th) = (23) 


and these substituted in (4) and (6) give the initial conditions for the 
next arcing event. The sequence is then repeated according to 
table IT. 

If the current rupture is assumed to be abrupt, the procedure can. 
be simplified to the form of table ITI. 

1t will be noticed in the above tabulation that the initial voltage 
E, for each event (following restrike) is merely the applied normal 
frequency voltage at that instant; for the restriking of the arc places 
the capacitance directly across the applied voltage and we are neglect- 
ing the are drop. 

Of great interest is the possibility of discontinuing the high-voltage 
transient following a restrike near the peak of the voltage transient. 
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Here again, the dielectric recovery strength is ~ 


vw 4 


he dangerous component of the voltage transient is the term con- 
-aining I, in equation 11, and therefore if I zx = O this term vanishes, 
Sut 


Ex_1 


Ty = —Iy_, cos w (ty — ty_1) + FE sin w (ty — th) (24) 
and thus the condition J; = 0 is satisfied by 
whi, w whl; 
w(t — t&)) = —— =- St 
ku bey he eae (25) 


ow w/w is usually large (say of the order 100 to 1) and therefore 
ven for small values of J,_, equation 25 shows that the tan w(t, — 
k-1) is large, so that the condition corresponds to a restrike near 


the peak of the voltage oscillation. A number of oscillograms illus- 
trating this condition have been given in the text, Of course, tests 
with d-c are particularly favorable to this condition, 
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i The Enlarging Concept of Engineering 
: 


By VLADIMIR KARAPETOFF, Fellow AIEE 


; |< proportion as the concept of “laws of nature’’ grows 
larger to include individual human behavior and group 
_action, the engineer is called upon to apply his time-tested 
methods to broader problems of state and country. The 
usual definition of engineering, as the science and art of 
applying laws of nature to human needs, still holds; only 
the laws of nature cannot be limited any longer to those 
of levers and expanding steam. Sales engineering and 
works management have been the two windows through 
which the mechanistically minded engineer has been made 
to see broader aspects of his profession, involving fickle 
human will, prejudices, and emotional response. It is 
true that these propensities cannot yet be predicted with 
the same accuracy as the strength of a beam or the be- 
havior of an electric generator, but the engineer has al- 
ways included a lot of intuitive art (horse sense) as a part 
of his professional make-up anyway. As the laws of 
human behavior become better known we may expect an 
ever increasing influence of properly trained engineers 
upon our political, economic, and social life. 

A person who can play fragments of half a dozen pieces 
on the piano in a crude fashion is not a musician worthy 
of that name. The new engineer whom I am picturing 
is not a man who barely has had short courses in elemen- 
tary psychology and economics, in addition to his big 
courses in machine design and laboratories. My plea is 
primarily for a longer college course, following the example 
of the professions of law and medicine. Our nation must 
be awakened to the great possibilities of scientific planning 
and systematic gradual realization of an all-embracing 
economic and social program, a plan that would carry us 
as little scathed as possible beyond the present unrest 
and uncertainties. The men and women who know what 
is needed and what is possible to accomplish to save this 
country from a chaos do not yet call themselves engineers. 


From an address delivered by the author before the trustees, the faculty, and 
invited guests of the Polytechnic Institute of Brooklyn, at the University Club, 
New York, N. Y., June 16, 1937, on the occasion of granting him an honorary 
degree of doctor of science. Doctor Karapetoff is professor of electrical engi- 
neering at Cornell University, Ithaca, ING NS 


DECEMBER 1937 


Blume, Bewley—Switching Surges 


They may be historians, sociologists, economists, psycholo- 
gists, or what not. But once they are called upon to 
lay down definite plans and to execute them, they become 
engineers, for they will have to employ practically the 
same rigid methods of design and management as those 
used in building a mammoth bridge or running a huge 
automobile plant. Thus, these human engineers of the 
new kind should have considerable general engineering 
ability and training, and at the same time be experts in 
one of the lines of “‘social engineering.” An analogy with 
a medical specialist readily suggests itself. 

I am unalterably opposed to anything superficial in en- 
gineering training in colleges, for with the present spread 
of popular information superficial knowledge is readily 
picked up from the daily and weekly press and by simp’y 
keeping one’s eyes open. The ranks of the new engi- 
neers should not be filled from among so-called practical 
youths who cannot master mathematics or mechanics. 
The social engineer has to be even more analytical than his 
older mechanistically inclined colleague, for he is to apply 
himself to much more difficult problems and to problems 
whose solutions cannot be looked up in a handbook like 
the size of an I-beam. The only choice left is to lengthen 
the course of training to five or even six years. No stu- 
dent should be allowed to specialize for at least three 
years; during these years he should be imbued with the 
general point of view of an engineer, using as illustrations 
some simple problems taken from two or three usual do- 
mains of engineering activity. This means a training 
both in the fundamental sciences and in applied situations. 
From there on, the attention devoted to one or two chosen 
specialties should be gradually increased, and the time 
devoted to the other engineering subjects tapered down. 

Social engineers. alone can convert our present society 
into a properly subdivided and inwardly correlated po- 
litico-economic unit wherein each of us could move in his 
proper sphere without dominating others or being 
dominated by them. My appeal is for such social 
engineers. 
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Network-Analyzer Solution of Multiple Unbalances 


By EDWARD W. KIMBARK 


MEMBER AIEE 


OME EXAMPLES of multiple unbalances on a 3- 
S phase network are: 


1. Two or more unsymmetrical short circuits at different points of 
a network. Faults involving more than one circuit are not unusual 
on multicircuit lines, and simultaneous faults sometimes occur even 
at geographically separated points, especially on systems grounded 
through high impedance. System stability or operation of relays 
during such faults may require investigation. 


2. Ashort circuit partially cleared by the blowing of a fuse. 


3. A short circuit on a line having series capacitors, the capacitors 
in the faulted conductor being short circuited by protective devices. 


4. Two or more single-phase or unbalanced loads. 


The solution for current, voltage, and power at specified 
points of such a network containing any one of the multiple 
unbalances listed above is greatly facilitated by the use of 
a network analyzer (a-c calculating board). The a-c 
board is a much more powerful tool than the d-c board for 
solving multiple unbalances, and its use for this purpose 
saves even more time and labor than it does in solving 
single unbalances. The technique of its use is of interest 
at this time in view of the increasing use and importance 
of network analyzers. 

A number of different methods are available for the 
network-analyzer solution of multiple unbalances. The 
method to be preferred in any particular case depends on 
the nature of the problem to be solved and on the equip- 
ment available. 

The methods may be broadly classified into symmetrical 
component methods and 3-phase methods. Several sym- 
metrical component methods, which have been pub- 
lished,!”* will be summarized and compared with each 
other and with the 3-phase methods. The latter will be 
described in detail. 


I. Symmetrical-Component Methods 


In the symmetrical component methods the 3-phase 
network is represented on the calculating board by its 
sequence networks, set up either together or in succession. 


A. EQUIVALENT-CiIRCUIT METHOD 


This method was devised by Miss Clarke! for the case of 
2 simultaneous faults, and is suitable for all types of double 
unbalance. The 2 faults (or double unbalance) are repre- 
sented by a 3-terminal equivalent circuit connected to the 
positive-sequence network at the 2 points of fault and the 
neutral point. In some cases the equivalent circuit must 
contain an adjustable source of voltage. The impedances 
of the equivalent circuit depend on the impedances of the 
zero-sequence and negative-sequence networks measured 
from the points of fault and on the types of faults or of un- 
balance. 
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The determination of the impedances of the equivalent 
circuit requires algebraic work which, however, has been 
done and tabulated for combinations of 2 short circuits. 
The equivalent circuit must be modified if any change 
occurs in the zero- or negative-sequence networks, as, for 
example, by the opening of a line; but it is not affected by 
swinging of the generators except in so far as this may re- 
quire readjustment of the electromotive force of the 
equivalent circuit. The equivalent-circuit method has 
the advantage of requiring only one sequence network to 
be set up at a time, thus permitting a large power sys- 
tem to be represented with the minimum number of phase 
shifters and impedance units. It is particularly good for 
problems, such as stability studies, in which only the 
positive-sequence quantities are of interest. If zero- 
or negative-sequence quantities are desired the respective 
networks must be solved separately. The method is 
limited to two simultaneous faults (or a double unbalance). 


B. SsuNT METHOD 


This method, which was suggested by Professor W. V. 
Lyon,’ is similar to the preceding one except that each 
fault is represented by a single impedance connected in 
shunt with the positive-sequence network at the point of 
fault. The impedance of each shunt depends not only on 
the impedances of the zero- and negative-sequence net- 
works and on the types of all the faults, but also on the 
impedances of the positive-sequence networks and on the 
ratio of the open-circuit positive-sequence voltages at the 
points of fault. As a result, the impedances of the fault 
shunts are affected by swinging of generators if the ratio of 
open-circuit fault voltages is affected thereby, as it gener- 
ally is. Professor Lyon has worked out expressions for the 
values of the shunts representing 2 faults. The method 
can be extended to any number of simultaneous faults by 
suitable algebraic determination of the values of the shunts. 


C. CONNECTION METHOD 


This method requires all 3 sequence networks to be set 
up at the same time, and is therefore limited to a smaller 
system than are the 2 preceding methods. Any number 
of simultaneous short circuits or open circuits or both may 
be represented by suitable interconnections of the sequence 
networks as has been customary for representing single 
short circuits, except that in some cases the connections 
must be made through insulating transformers or through 
phase converters. The phase converter is any device 
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which either automatically or by manual adjustment satis- 
fies the conditions that its terminal voltages be exclusively 
of positive sequence and that its line currents be ex- 
Clusively of negative sequence. A device of this kind, 
employing an induction Machine as suggested in re- 
ference 3, has been successfully used with the Massachu- 
setts Institute of Technology network analyzer. The 
connections for representing 2 simultaneous line-to-ground 
faults, one on phase a, the other on phase }, are shown in 
figure 1. The interconnections are not affected by changes 


TRANSFORMERS 
RATIO 


Figure 1. Con- 
nections between 
the sequence net- 
works for repre- 
senting simul- 


taneous AG-BG 


short circuits 


PHASE 
CONVERTER 


in the system, such as opening or closing of lines or swing- 
ing of generators, except in so far as these changes may 
necessitate readjustment of the phase converter, if one is 
used. This method dispenses with impedance measure- 
ments and the calculation required in the previous 2 
methods for determining the fault shunts or the equivalent 
circuit, and is therefore more convenient if the size of 
system permits its use, particularly if zero- and negative- 
sequence quantitites are to be read. In case of simul- 
taneous faults not all having the same phase of symmetry, 
the necessity for using a phase converter, which is not now 
standard equipment of any network analyzer, may be 
regarded as a disadvantage of the method. 


II. Three-Phase Methods 


Although it has been customary to use the method of 
symmetrical components for fault studies on 3-phase net- 
works, it is possible and often preferable to use either the 
phase quantities directly or substituted variables other 
than symmetrical components. This is particularly true 
when the values of phase currents and voltages are wanted, 
as in studies of relay operation. Two methods utilizing 
3-phase set-ups will be described, both of which require 
the assumption that the positive- and negative-sequence 
networks are identical except as to generated electro- 
motive forces, but neither of which requires the zero- 
sequence network to be like the positive- or negative- 
sequence networks. A method which did so restrict the 
zero-sequence network would not be of much value for 
representing a 3-phase power system, because of the great 
difference between the zero- and positive-sequence 1m- 
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pedance of transmission lines, and because of the effects of 
various transformer connections. 

The positive- and negative-sequence networks are, of 
course, identical except for the effects of polyphase rotat- 
ing machinery, generators in particular. It is pertinent, 
therefore, to inquire as to the difference between the posi- 
tive- and negative-sequence impedances of generators. 
Kither the transient reactance («,’) or the subtransient 
reactance (x,”) is use for the positive-sequence impedance 
of synchronous machines in fault studies, depending on 
how soon after the occurrence of the fault is the instant 
for which the fault currents are wanted. The following 
values of the ratios of negative-sequence reactance x, to 
transient and subtransient positive-sequence reactances 
are averaged from test results published by Wright.‘ 


Type of Machine %/%q! X,/Xq" 
Round-rotor turbogenerators.............2...0... OG4 enn 1.00 
Salient-pole machines with dampers............... Qi64 eer: 0.96 
Salient-pole machines without dampers............ ISOS see 1.50 


These ratios range from about 2/3 to 3/2; hence it would 
seem that in many cases the assumption that Z,; = Z, 
would not be too bad, especially when it is considered that 


Figure 2. Repre- ZAI 


sentation of 2 
transmission lines 
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sequence mutual o Fa 
impedance, con- 6 
B 


nected to the same 
bus at the right- 
hand end, as represented in the 3-phase and neutral method 


¥3(Zg0-Zmo-Zei) 


there are nearly always transformers and lines between 
the generators and the faults. 

In cases in which the difference between positive- and 
negative-sequence impedance may be of importance, it 
may be taken into account by a method described later in 
this paper. 


A. THREE-PHASE AND NEUTRAL METHOD 


This method was independently devised and used on 
the Westinghouse and Massachusetts Institute of Tech- 
nology network analyzers. 

1. Representation of System. The power system is re- 
presented as a 3-phase 4-wire circuit. The 3 line con- 
ductors of each branch have impedances equal to the 
positive- or negative-sequence impedance Z, of the branch, 
while the impedance Z, of the neutral conductor is given 
by Z, = 3 (Z,— Zi). Positive- and negative-sequence 
components of current are confined to the line wires and 
therefore produce the correct JZ drops in the line-to- 
neutral voltage. If zero-sequence components of cur- 
rent are present, they have the same value I, in each line 
conductor. Assuming that the sum of these components, 
3], returns in the neutral conductor, the drop in line-to- 
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neutral voltage produced in the branch by the zero- 
sequence current is the same for each phase and has the 
magnitude 


iL 
IZ, + 3Lo x ay (Zo = Z) = IoZo 


which is correct. Zero-sequence mutual impedance Z,,, 
between 2 parallel transmission lines connected to the 
same bus at one end may be represented as shown in figure 
2. Here the drop in line-to-neutral voltage of circuit A is: 


1 
LaoZ 4) + 3D 49 X 3 (Zao — Zmo — Zar) + (82 40 + 32 z0) X 


1 
3 Zmo = T4oZ ao + I p0Zmo 


Shunt capacitance of lines, if appreciable, may be rep- | 


resented as in figure 3, in which C; is the positive-se- 
quence capacitance and C, has the value 3 C,Ci/(Ci — G), 
where C, is the zero-sequence capacitance. 

The potential drops due to zero-sequence current are not 
correct unless the zero-sequence currents actually return 
in the neutral wire, as assumed. That is, in every branch 
of the 3-phase network, we must have 


Tq + Ip + Ie + In = 0 
or 
Th. = Ohi sie Lh =ilic) = —31o 


This requirement is automatically satisfied in all radial 
branches of the 3-phase network. If the network has one 
or more closed loops, the currents in general will not 
satisfy this requirement automatically but they may be 
forced to do so by inserting ‘forcing transformers” in 
series with one or more branches. Figure 4 shows several 
alternative arrangements of forcing transformers; scheme 
(d) is perhaps the most practical. The number of banks 
of forcing transformers is, in general, equal to the number 
of independent loops in the 3-phase network, but in some 
networks the impedances are so related that correct cur- 
rent distribution is obtained even though fewer or no 


Figure 3. Representation of 
shunt capacitance in the 3- 
phase and neutral method 


Ch 


the 


banks are used. If there should be doubt in a specific 
case as to the proper number and location of forcing trans- 
formers, the best procedure would be to set up the net- 
work without forcing transformers and to measure the line 
and neutral currents in rectangular form in several 
branches of the network. The sum of the 3 line currents 
should then be compared with the neutral current. If 
the agreement should not be satisfactory, forcing trans- 
formers should be inserted, and the check readings should 
again be taken. 
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Generator voltages are represented by balanced 3-phase — 
electromotive forces. Three phase-shifters connected 
in Y may be used to represent either grounded or un- 
grounded generators; or 2 phase-shifters connected in V, 
to represent ungrounded generators. Phase-shifters with 
3-phase output are not suitable because the internal im- 
pedance drops due to unbalanced loads produce unbal- 
anced terminal voltages. 

The terminal voltages of the phase shifters may be pur- 
posely unbalanced (as suggested by Professor L. F. Wood- 
ruff) to represent the effect of the difference between the 
positive- and negative-sequence impedances of a generator. 
To do so, the generator phase currents are measured with 
balanced phase-shifter voltage, and the negative-sequence 
current J, and the voltage V2’ = Iz (Z,—Z2) are computed 
from them. The phase-shifter terminal voltages are then 
changed by the addition of voltages V2’, aV2’, and a? V2’ to 
phases a, b, and c, respectively. 

Transformer banks in the power system may be rep- 
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Figure 4. Connections of forcing transformers for use in the 
3-phase and neutral method 


resented on the network analyzer by actual transformer 
banks or, in some cases, by simple series impedances, as 
shown in figure 5. The representation of A-Y banks by 
series impedances does not directly give the correct cur- 
rents and voltages on the side of the transformer away 
from the fault (this is also true of symmetrical-component 
methods), and cannot be used in case of simultaneous 
faults on opposite sides of such banks. 

2. Representation of Unbalance. Faults are applied by 
making the actual fault connection, connections to ground 
being made to the corresponding point of the neutral net- 
work. Any number of faults, on any phases, may be ap- 
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areal 


plied Srrat essen aly without causing complications. Un- 
balanced loads or unbalanced series impedances are rep- 
resented just as simply. 

3. Measurements. The following quantities can be 
measured directly: line currents, residual current (in 
neutral), line-to-line voltages, line-to-ground voltages 
(measured line to neutral). Residual voltage can be read 
by the use of 3 potential transformers having their pri- 
mary windings connected line-to-neutral and their second- 
_ary windings in series, or can be computed as the sum of 
the line-to-ground voltages. Positive-sequence and nega- 
_tive- sequence quantities are not so conveniently obtained, 
a they can be computed or measured by the same meth- 
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Figure 5. Representation of transformer banks in the 3-phase 
and neutral method 


ods which can be used to obtain phase quantities from a 
symmetrical-component representation. 

4. Advantages and Disadvantages. This method re- 
quires 4 impedance units per branch of the one-line sys- 
tem diagram, and thus is limited to smaller systems than 
are the equivalent-circuit and shunt methods. It re- 
quires 3 phase-shifters per generator, thus limiting the 
number of generators which can be represented and giving 
more trouble in adjusting the generator phase angles or 
outputs. Forcing transformers are required in many 
cases to give correct current distribution in the network. 
It is necessary to assume that the negative-sequence im- 
pedance of each branch is equal to the positive-sequence 
impedance. 

On the other hand, the representation of simultaneous 
faults and unbalances of any kind is extremely simple. 
Phase and residual currents, line-to-line and line-to-neu- 
tral voltages can be read directly. 


The best field of application is to networks of small or 
medium size and principally at one voltage, with only one 
or two equivalent generators, and to problems (such as re- 
lay studies) in which phase quantities are required. 


B. THREE-PHASE AND ZERO-SEQUENCE METHOD 


This method differs from the preceding one in that zero- 
sequence current and voltage are excluded from the 3- 


(c)BCG 


Figure 6. Connections between the substitute networks for 
representing various types of short circuits, 3-phase and zero- 
sequence method 


phase network and confined to a separate network. The 
fault connections and the methods of measurement are not 
quite as simple as in the method just described, but the 
correct current distribution is obtained without recourse 
to forcing transformers. 

The theory of the method is explained in the appendix. 

Four substitute networks, designated as A, B, C, and D, 
are set up on the network analyzer. Networks A, B, and 
C have in each branch an impedance equal to the positive- 
(or negative-) sequence impedance, while network D 
(which might be termed the zero-sequence network) has 
an impedance equal to one-third the zero-sequence im- 
pedance of the corresponding branch of the power sys- 
tem. Expressed symbolically, Z, = 2, = Zo = Z 
= Zs, and Z, = 4Z, Networks A, B, C contain 3- 
phase electromotive forces, but network D has none. 
The currents and voltages in networks A, B, and C are 
the phase quantities minus their zero-sequence compo- 
nents. The current and voltage in network D are related 
to the zero-sequence quantities as follows: 


Ip = —3Io and Vp = —Vo 


The connections between the substitute networks for 
representing various kinds of short circuits are derived in 
the appendix and are shown in figure 6. The dotted lines 
indicate connections which are put in merely for conven- 
ience in measuring line-to-line voltages. Note that 
the connections for faults not involving ground are, as 
in the preceding method, the actual fault connections; 
whereas for the BCG and AG faults direct connections are 
made in accord with the actual fault connections (re- 
garding network D as the ground), and are supplemented 
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by connections through transformers to the unfaulted 
phases. Faults on phases other than those for which con- 
nections are given are represented by similar connections 
with an appropriate interchange of networks A, B, and C. 
Simultaneous faults are represented by making the con- 
nections for each fault just as for a single fault. 

After having made the appropriate fault connections, 
the following quantities may be measured directly as in- 
dicated: line-to-line voltages, between corresponding 
points of networks A, B, C; line-to-ground voltages, be- 
tween corresponding points of network A, B, or C and 
network D; residual current, in network D; zero-sequence 
voltage in network D. Furthermore, the phase currents 
may be read by the use of a 3-to-1 current transformer 
with its primary winding plugged into network D and its 
secondary winding connected to the measuring device 
in parallel with a cord plugged’ into the corresponding 
branch of the phase network. (See equations Al to A3 of 
appendix.) 


C. TRIPLE-CONNECTION METHOD 


This method, using a 3-phase and symmetrical-com- 
ponent representation, could be classified under either 
heading. 

The procedure is as follows: 


1. Set up each sequence network in triplicate, that is, set up 
3 zero-sequence networks, 3 positive-sequence networks, and 3 
negative-sequence networks. The 3 positive-sequence networks 
should differ from one another only in that the electromotive forces 


Figure 7. Connections between the triple sequence net- 
works for representing simultaneous AG-BG short circuits, 
triple-connection method 


in any one of them are 120 degrees ahead of the corresponding 
electromotive forces in another and 120 degrees behind those of the 
third. Phase-shifters having a 3-phase output are suitable sources 
of the electromotive forces. 


2. At each point of fault make appropriate connections between 
the sequence networks to represent the given type of fault. These 
connections can be best understood by considering a particular 
case, such as simultaneous AG-BG faults, figure 7. Let the current 
and voltage at the left-hand terminal of network 0 be I,) and Verge 
respectively, and at the right-hand terminal, Ty and Vy. Then 
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assume for the time being that the corresponding quantities of net-_ 
work a0 are aly, @Vro, Aly, and @Vy, where a = 2Z120°, and 
that the corresponding quantities of network a’0 are aI x9, 22? V zo, 
aI, and a?Vi, respectively ; and similarly for the positive- and 
negative-sequence networks; that is, assume that all currents and 
voltages at the terminals of and within the networks of the left- 
hand column are equal in magnitude to, but 120 degrees ahead of, 
the corresponding currents and voltages of the middle column of 
networks, and that likewise the right-hand column is 120 degrees 
behind the middle column. These assumptions are justified by 
the fact the 3 columns are identical, except for the 120-degree phase 
displacement of the positive-sequence electromotive forces, and by 
the fact that the connections to be established between the net- 
works have a cyclical symmetry. It will be recalled that the equa- 
tions for the AG fault at x are: 


Vio + Vin i Vre = 0 (1) 


which are satisfied by a series connection of the left-hand («) ter- 
minals of networks 0, 1, and 2. Multiplying equation 1 by a gives 


and aVp,+aVy,+aVz = 0 (2) 


which are satisfied by a series connection of the left-hand terminals 
of networks a0, a1, and a2. Similarly, multiplication of equation 1 
by a? indicates a series connection of the left-hand terminals of net- 
works a20, a?71, and a?2, The equations for the BG fault at y are: 


Iy = aly, = aly and Vy + a*Vy, +aVy, = 0 (3) 


In = 1p, = Ty and 


Ah L aly, —_ al ys 


and are satisfied by a series connection of the right-hand (y) ter- 
minals of networks 0, a71, and a2. Multiplication of equation 3 by 
a gives 


aly =I, = ai, and a@Vy + Vy + a7Vy, = 0 (4) 


which are satisfied by a series connection of the right-hand terminals 
of networks a0, 1, and a?2. Likewise multiplication of equation 3 
by a? points to a series connection of networks a*0, al, and 2. In 
making these connections, which are shown in figure 7, a sufficient 
number of insulating transformers must be used (in this case at 
least 4). 

In every case, a fault which is symmetrical with respect to phase 
a is represented by connections between networks in the same 
column, whereas a fault symmetrical with respect to phase } or 
phase c is represented by diagonal connections touching a different 
column in each row. 


3. Read the sequence currents and voltages in any branches 
where they are wanted. The zero-sequence quantities are read in 
network 0, positive-sequence in network 1, and negative-sequence 
in network 2. It is also possible to read a? times the positive- 
sequence quantities in network a1, a times the negative-sequence 
quantities in network a2, etc. Then the phase quantities may be 
readily calculated by adding the proper components: 


Iq =Ih+h + In 
I, = Io ++ at, + aly, etc; 


Or, better yet, by combining the proper components through in- 
strument transformers, the phase quantities can be read directly. 
Thus, Jy) can be obtained by paralleling the secondary windings of 
3 current transformers, the primary windings of which are plugged 
into corresponding branches of networks 0, a1, and a2; similarly 
V, can be obtained by connecting in series the secondary windings 
of 3 potential transformers. A switching arrangement might be 
built to facilitate rapid successive reading of the several phase 
quantities. The best arrangement appears to be to do al! the 
measuring in only 3 networks (say networks 0, 1, 2) and to inter- 
change 2 of these networks with others in the same row. To be 
more specific, to read Ja, current jacks are plugged into networks 
0, 1, and 2, and the sum, Z =f) +, + In, is read. Then to 
obtain I,, the jacks are left in position, network 1 without its 
electromotive forces is interchanged with network a21 without its 
electromotive forces, and network 2 is interchanged with network 
a2. Or, to avoid the switching of the positive-sequence networks 
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change network 0 with a0, and network 2 with a?2, and to read the 
sum alo +t + af, = aly, which by a suitable rotation of reference 
axes in the measuring instrument may be read as J iS 


| with respect to their power sources, it would be better to inter- 
i The triple connection method, like the single connection 
method, is applicable to any number of simultaneous 
faults, and does not require that the negative-sequence 
_ impedances equal the positive-sequence impedances. 
_ Unlike the single connection method, it does not require a 
phase converter for representing faults not symmetrical 


Figure 8. Equivalent T circuit to which network A (3-phase 
and zero-sequence method) may be reduced, retaining the 


2 points of fault and the neutral point. Networks B and C 
can be represented similarly 


with respect to phase a. Its principal disadvantage is the 
excessive number of impedance units required (approxi- 
mately 9 units for each branch of the one-line system dia- 
gram), which makes the method impractical except for 
relatively small systems. An advantage is the possibility 
of directly reading the phase currents and voltages as well 
as their symmetrical components. The required number 
of impedance units can be decreased without losing the ad- 
vantage of direct reading of phase quantities by setting 
up only three of the networks complete and the other six 
in reduced form (equivalent 7 or z in case of 2 simulta- 
neous faults or a double unbalance). Readings are taken 
in the 3 complete networks, two of which are interchanged 
with reduced networks by a suitable switching device to 
read phase 6 or ¢ quantities. The saving in number of 
impedance units entails the work of determining and set- 
ting up equivalent reduced circuits for each fault or sys- 
tem condition. If the direct reading of phase quantities 
be dispensed with, only one complete network need be set 
up at a time, the other eight being represented by equiva- 
lent circuits. However, in this case the equivalent circuit 
method might better be used. 


Conclusion 


Some new methods have been presented, and some 
older ones summarized and compared, for solving net- 
works with multiple unbalances by use of a network ana- 
lyzer. For stability studies, especially on large systems, 
with 2 simultaneous faults, the equivalent circuit method 
appears to be the most suitable. For the rare case of 
more than 2 faults the shunt method may be employed. 
For studies of relay operation on smaller systems and in 
which swinging of generators is not an important factor, 
the 3-phase methods are best. Of these the 3-phase-and- 
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netural method is usually the simpler. However, on a 
network in which a large number of forcing transformers 
would be required to secure correct current distribution it 
appears simpler to use the 3-phase and zero-sequence 
method, in which transformers are used in the connections 
representing faults instead of as forcing transformers. In 
other problems, the network analyzer operator can select 


whatever method may appear best suited to the problem 
at hand. 


Appendix 


Theory of 3-Phase and Zero-Sequence Method and 
Proof of Connections for Representing Short Circuits 


The method is based on a substitution of variables analogous to 
the one employed in the method of symmetrical components. Let 
Iq, Ip, I; be the line currents and Vy, Vy, V, the voltages to ground 
of the 3 conductors of the 3-phase system. Let new variables J 4, 
Ip, Ic, Ip and V4, Vz, Ve, Vp, defined as follows be introduced: 


fis =f) ——Tp (Al) 
1 : 
In =I, ae yeh (A2) 
1 
Te = Ie — glo (A3) 
in which 
Also let 
Va = Va — Vo (AS) 
V, = Vea — Vo (A6) 
Va Vom Ve (A7) 
in which 
Vat Ve + Ve = 0 (A8) 
The inverse transformations are as follows: 
1 
i, = 3 (Zlau=ii pi Jz) (A9) 
1 
1g = 3 hy = Ig =)tn) (A10) 
iN pe 
Iq = 7 (Clj —al == Ly) (A11) 
Ip = Ch ae I» aia 17) (A12) 
1 
Va= es (2V p= Va— Ve) (A13) 
Vp = = Vy — Ve — Va) (A14) 
Vo = = Ve — Va- Vn) (A15) 
i P 
LA — a (Vite etc) (A16) 


Note that four new currents, 74, Ig, Ic, Ip, are substituted for 3 
old currents J,, I», I, but that only 3 of the 4 are independent, as 
they are subject to the restriction expressed in equation A4. The 
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same remark applies to the substitution of voltages. The D quan- 
tities are related to the zero-sequence quantities as follows: 


Ip = —3Io and Vo = —Vo (A17) 


Therefore the A, B, C quantities are the phase quantities minus 
their zero-sequence components. 

Let J, and V4 be associated with a network A, J, and Vg with 
network B, etc. The connections between networks A, B, C, and 
D for representing various kinds of faults will be determined, but 
before doing so 2 general relations will be noted. First; as may be 
shown readily, the total vector power of corresponding branches of 
the substitute networks (A, B, C, D) is equal to the total vector 
power in the corresponding branch of the original 3-phase power 
network. 


Vala + Valp + Velo + Volo = Vala + Voly + Viele 


(A18) 


(The bars over the V’s in this equation denote conjugates.) A 
relation of this kind—one side of the equation may be multiplied 
by a constant, however—must be fulfilled if a fault is to be repre- 
sented by a connection between the substitute networks. For, if 
the fault has no impedance, the vector power in the fault branch is 
zero; if connections are made between the networks, either directly 
or through ideal transformers, the total vector power leaving the 
networks at the points of connection is likewise zero. 

The second general relation concerns the exclusion of zero-sequence 
current and voltage from networks A, B, C in accordance with equa- 
tions A4and A8. Consider the case of 2 simultaneous faults. Hach 
of the networks A, B, Cmay be reduced to an equivalent T (figure 8), 
retaining the 2 points of fault and the ground or neutral point. 
These T7’s, like the equivalent T of the positive-sequence network, 
each contain 2 equivalent electromotive forces, denoted by E, and 
Hy, equal to the voltage at the points of fault before occurrence of 
the faults. The following equations express relations between 
fault currents (7, and J,) and fault voltages (V, and V,) of each 
network: 


Era — Vea = (Ci + Si) Ina + Sly (A19) 
Erp — Vee = (Ci + Si) Ing + Silyp (A20) 
Exe — Veo = (A + St) Ine + Silyc (A21) 
Eya — Vya = (Di + Si) Iya + Sulina (A22) 
Eys — Vyp = (Di + Si) Iyp + Suze (A23) 
Eyco — Vyc = (Di + Si) Ine + Suze (A24) 


where C;, D;, and S; are impedances of the equivalent T, which are 
the same for all 3 networks. Adding each group of three equations 


gives: 

SE SV = (Cy Sy 2l, e+ Siz, (A25) 
DEy — BVy = (Di + Si), + S121, (A26) 
where 

DE, = Erza + Exg + Exo 

ZI, = Iza + Irg + Inc, ete. 


Since the networks contain only balanced electromotive force; (or 
at least electromotive forces having no zero-sequence components), 
2E, = O and YH, = 0. Therefore, unless one of the impedances 
should be infinite, if DJ; = 0 and YJ, = 0, then it follows that 
2V;, = 0 and ZV, = 0; or, more generally, if either 2s 2 (0) aye 
21, = 0 and if either 2V, = 0 or LI, = 0, then all 4 quantities, 
DVz, DVy, Vz, and Z1y, are zero. Although the demonstration 
has been given for the case of 2 faults, similar demonstrations can 
be given for one fault, or for any number of faults. Asa result of 
such demonstrations it may be reasoned that the connections 
representing a fault must be of such nature as to insure either that 
=V = 0 or that LJ = O; if either of these conditions is fulfilled at 
every fault (not necessarily the same condition at every fault), it 
follows that both 2V = 0 and =/J = 0 at all faults and hence also 
throughout networks A, B, C. 
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Kimbark—Multiple Unbalances 


Any connection between the 4 substitute networks may be de— 
scribed by 4 equations. For the connections to correctly represent 


a given type of fault, 3 of the equations must be derived from the 


relations between phase currents and voltages for the fault in 
question (table I of reference 1); the fourth must be either 2V = 0 


: 


or SI = 0. The connections for representing various single faults. | 


(figure 6) are proven correct as follows: 


AG FAULT 


Relations of phase quantities: V, = 0,J, = 0,I, = 0. Relations. 


between substituted quantities satisfied by the connections: 


Va = Vo. Vat Va + Ve = 0 Ig =Ig = 14 +1 
Proof that the connections represent the fault: Since V4 + 
Vea + Vo = 0, it follows that J, +- ds le =n 02a ab 


stitute in the latter expression Je = Jz and I4 = Ig — Ip, 


obtaining Ip — a Ip = 0, orI, = 0. Bya similar process, obtain. 
1 ; 

Ta 3 iP =0,orl, =0. V4 — Vp = Ois equivalent to Vz = 0. 

BCG Favu.t 


Relations of phase quantities: J, = 0, V, = 0,V, = 0. Relations. 
between substituted quantities satisfied by the connections: 


1 
= o Vex == Vz a Ve = Vp and —214 +1Ig +I¢e+T]Ip = 0 
Proof that the connections represent the fault: From the voltage 
1 
relation, — 9 V4 = Ve = Ve, it may be shown that V4 + Vg + 


Vo = 0, from which it follows that2, +J, +g = 0. Subtracting 
I,g4+1g+T]¢ = Ofrom —2J, +1213 +I¢e +I1Ip = 0 gives —37, + 


1 
Ip = 0, orl, — gi? = 0,ori, =0. From Vg = Vc = Vo, we 
obtain Vg — Vp = Oand Vg — Vp = 0, or Vy = O and V, = 0. 


BC Fau.t 


Relations of phase quantities: I; = 0, J, +I, = 0, Vy = V,. 
Relations between substituted quantities satisfied by the connec- 


tions: Vg = Ve,lg +Ic = 0,24 = 0,Ip = 0. Proof that the 

; 1 
connections represent the fault: Since Jp = 0,724 — 3 Tp = OloT 
1h, = 10), 

1 ii 

Ig +Icg = Up ete + Ue red saa lip tale =0 
Since Ve = Ve, Va = Vp = Ve = Vp or Vy a Ve. The con- 
nections also satisfy 7,4 + J, +TJ¢ = 0. 
ABC Fau.t 
Relations of phase quantities: Ig + I, + I, = 0, Vg = Vy = ag 
Relations satisfied by connections: IT, + J, + Ig = 0, Ip =. 0, 
Va FEY Vea — Ve. 
ABCG Favu.Lt 
Relations of phase quantities: V, = V, = V, = 0. Relations 
satisfied by connections: Vy = Vg = Vo = Vp = 0. 
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Synopsis 


This paper describes the operation of a modern trolley 
coach system. This system was installed one year ago 
with a single line and a few coaches. Now there are 7 
lines in operation, the total route lengths exceeding 45 
miles and requiring 40 coaches, each of which has a seat- 
ing capacity of forty persons. The paper is generally 
divided into 2 parts, the first dealing with descriptions of 
the system and equipment, and the second part setting 
forth such experiences as have been gained in one year of 
_ operation. 


eration of modern trolley coaches may be said to 

date from 1928, when trolley coaches were put in 
operation in Salt Lake City. Systems were installed in 
more and more cities until today trolley coach operation is 
a factor in public transportation in 34 cities of the United 
States, not to mention the many European systems. It 
is the objective of this paper to discuss one of the most 
tecently installed trolley coach systems, that of the Port- 
land Traction Company in Portland, Oregon. 

The Portland system consists of 45.5 miles of trolley 
coach line operating within the limits of the city and serv- 
ing, together with 87.5 miles of street railway and 64.8 
miles traversed by gasoline coaches, a population in ex- 
cess of 300,000 people. Operation of trolley coaches 
started August 30, 1936, on the first line completed and 
additional lines were completed and put into operation 
until the contemplated program was consummated in 
May, 1937. The experiences throughout an over-all period 
of one year of operation are available although the 
completed system of 7 lines has been operating but 
3 months. The system is now operating at the rate of 
about 385,000 coach miles per month and since the total 
mileage amounts to 3,300,000 coach miles in the 12 months 
of operation, the weighted average experience with this 
system amounts to about 8 or 9 months. 

The overhead system is of the conventional 2-conduc- 
tor type with the conductor tension at 3,000 pounds per 
conductor at 70 degrees Fahrenheit, with 100-foot spans 
in districts where coaches can operate at high speed. In 
the congested urban area, a tension of 2,000 pounds was 
used. The conductors are spaced 2 feet apart and the 
conductors nearest the curb are in general 12 feet from 
curb lines. A minimum clearance of 7 feet, 5 inches is 
maintained between inside conductors. The supporting 
structures are steel poles in the downtown areas and build- 
ing pull-offs, if feasible, with wood poles in the outlying 
districts. The contact wire is 3/0 high-strength cadmium 
bronze alloy. On one of the 7 lines, the contact wire is 


‘\ LTHOUGH there were earlier installations, the op- 
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Modern Trolley-Coach Operation 


By JAMES H. 


POLHEMUS 


round while wire on the remaining lines is grooved. Rec- 
ords are being kept to show the wearing ability of each, 
but it is yet too early to form even preliminary conclusions. 
The wire is lubricated with a light grade of mineral oil. 
The system operates with 600-volt direct current supplied 
by the affiliated Portland General -Electric Company. 
Electric frogs of both shunt and series-operated type were 
installed and experience to date is in favor of the shunt 
type for system use as well as in the car barns. Porce- 
lain strain insulators on pull-over wires have been found 
to be better than woodstick insulators when they can be 
located so that they will not be struck by a flying trolley. 
An interesting detail is that of passing tracks on which 
local coaches may draw up to the curb and allow express 
coaches to pass. 

The Portland Traction Company now operates 140 
trolley coaches over its 45 miles of trackless trolley routes. 
The coaches are 24 feet, 41/. inches over bumpers, 104 
inches extreme width, weigh 20,400 pounds, and have 
seats for 40 passengers. The normal peak load is 60 
passengers but 100 passengers have been carried during 
times of extraordinary traffic congestion. The rear axle 
ratio of 9.97 and 42-inch wheels at a motor speed of 3,360 
rpm develop the maximum speed of 42 miles per hour. 
The traffic regulations permit a maximum speed of 35 miles 
per hour, requiring a motor speed of 2,800 rpm. Coaches 
are equipped with air brakes on all 4 wheels, all glass is 
shatterproof, and the windshield is cleaned with 4 pneu- 
matically operated windshield wipers. Doors are operated 
by air engines under control of the operator and the exit 
door is also controlled by foot treadles. Auxiliary circuits, 
such as lighting, buzzer, door control, marker, tailandhead 
lights, horn, and ventilating fans, are supplied with power 
from a 12-volt storage battery and generator system. 
The principal reason for the use of the 12-volt circuit is 
safety of passengers. Another reason is to insure conti- 
nuity of lighting while the coach is passing under insulated 
spacers. One of the most unusual features of these 
coaches is that each is driven by a single motor. The 
motor has a rolled-steel frame and weighs 1,050 pounds. 
It has a one-hour rating of 125 horsepower and the output 
when accelerating on a grade is 225 horsepower. Four 
interpoles and low voltage per commutator bar provide 
freedom from flashovers. Other motor characteristics 
at the hourly rating of 125 horsepower are 600 volts, 173 
amperes, 2,420 rpm, and 120 degrees centigrade rise by 
resistance. The maximum allowable motor speed is 
4,000 rpm. The motor is self-ventilated and without 


covers. Radio choke coils are inserted in the trolley 
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circuits on the roof of each coach to prevent the opera- 
tion of the coach from interfering with radio reception. 

The street cars replaced by electric coaches were oper- 
ated by one man and there is no saving in the operators’ 
wages per vehicle hour, but the increased speed has re- 
duced the cost of operators’ pay per vehicle mile. 

In July, 1937, the average speed of all vehicles in the 
Portland system was 11.35 miles an hour, which is an in- 
crease of 11 per cent over the July, 1936, average speed of 
10.23 miles an hour. A part of this is due to an increase 


of speed of gas busses from 13.11 miles an hour to 13.40 
miles an hour. The average speed of street cars decreased 
4 per cent from 9.63 to 9.26 miles an hour, due to some of 
the higher-speed car lines being converted to electric 
coach lines. The average speed of electric coaches is 
12.78 miles an hour and this is an increase of 23 per cent 
from the 10.35 miles an hour average speed of the street 
car lines that were changed to electric coach. Unloading 
at both ends has decreased standing time and has increased 
the average speed. At heavy loading points double ended 
loading likewise increases the average speed. 

The rate of acceleration of electric coaches is 3.5 miles 
per hour per second and this is twice the rate of accelera- 
tion of the street cars replaced by the coaches. The 
free-running speed of the street cars was 27 miles an hour 
and of the electric coaches, 42 miles an hour. The 
coaches are operating on city streets where the speed is 
limited by law and the maximum possible speed is never 
used. 

Accidents have been caused in some cases where automo- 
biles, closely followed by street cars, have made sudden stops 
with the result that the auto was rammed by the street car. 
Electric coaches stop as fast as or faster than do automobiles 
and do not ram the rear end of motor vehicles that have 
suddenly stopped, but, if passengers are standing, rapid 
deceleration may throw some elderly person to the floor. 
Operators with a standing load of passengers at times must 
make a choice between a collision with another vehicle and 
the possibility of personal injuries to standing passengers, 
Some automobile drivers do not realize the rapid rate of 
acceleration of the electric coach and after passing to the 
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left of an accelerating coach, reduce speed, cut to the 
right in front of the coach, and a collision results. In 
August 1937, street cars ran 4,299 miles per accident, 
electric coaches, 5,133 miles, and motor coaches ran 9,379, 
miles. . Motor coaches run a smaller percentage of their 
miles in heavy traffic than electric coaches and street 
cars and have a lower exposure to accidents than street 
cars and electric coaches. The ratio of miles to accidents 
for electric coaches is increasing as the operators have 
more experience in operating these vehicles. 

With respect to maintenance, tires are not purchased 
but are rented on a mileage basis. Traction company 
employes change tires that are worn or flat and the tire 
company dismounts the tires from the rims. Tire pres- 
sure is maintained by the traction company. Front tires 
on the coaches on a line which has many curves were 
found to wear rapidly and on these tires the normal pres- 
sure of 75 pounds was increased to 85 pounds and the tread 
wear was reduced. 

New tires are averaging about 23,000 miles and re- 
treads about 17,000 miles, a total of 40,000 miles to a cas- 
ing. Ina few instances a casing is given a second retread, 
thus giving a casing with 2 retreads a total life of 57,000 
miles. 

Maintenance of electrical equipment is confined largely 
to cleaning contacts on controls and cleaning motors. 
The voltage and current regulators on the 12-volt light- 
ing and door control system must be checked frequently 
as these regulators are subject to burning if the contacts 
are not kept clean. 

Inspection of all movable parts is done on a regular 
schedule and in this way maintenance is reduced and there 
is a greater reliability of service 

Maintenance of bodies is confined, as yet, to tightening 
of screws and bolts. All metal bodies are not in need of 
much maintenance in the first year of their life and, ex- 
cept for adjustments of brakes and door operating engines, 
but little work is done on the bodies. 

Accidents are with us always and there are at all times 
coaches in the shops for repairs necessitated by collisions. 
Both electric and gas welding reclaim parts that at first 
sight appear to be fit only for junk. Quick drying lac- 
quers cover the new work and soon the coach is again on 
the street. 

Lubrication of the conductor wires is accomplished by 
means of a truck with trolley busses and trolley poles 
mounted on a frame on the truck. The upper end of each 
pole carries a lubricator that is essentially a tank contain- 
ing a lubricant with a wheel that has its upper rim on the 
conductor and the lower rim in the lubricant. The con- 
ductors are lubricated every 1,500 shoe passes. Much 
work on the overhead was not completed when the coaches 
were placed in operation and until this has been done no 
regular inspection of the overhead will be made. Many 
poles and anchors were set in damp soil and it has been 
necessary to retension conductors and brail wires. Manu- 
facturers have not, as yet, furnished a reliable and rugged 
overhead switching device to change the path of the shoe 
from the main line to a branch line or a turnout, but are 
working on this problem with great hopes. 
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Plans are now being made for a regular inspection of 
e overhead distribution system and this inspection 
should keep the overhead in good operating condition. 
Linemen who had worked on the single- -trolley system 
had much to learn about protecting themselves and their 
equipment when working on 2 conductors of opposite 
polarity only 24 inches apart. 

In considering operating costs, it must be remembered 
that this system has been and, in many particulars, still 
is in process of development. For example, several thou- 
sand dollars was spent in training operators, mechanics, and 
other employes, practically none of whom had had pre- 
vious experience with trolley coaches and these develop- 
‘ment costs are included in the operating costs to date. 
‘With this qualification, some operating and statistical 
data are offered, all applying to the 12-month period im- 
mediately following operation of the first line. 


Operating Expenses per Coach Mile 


TVR Re Ae i ae en 3.23 cents 
Conducting transportation expenses................ 8.80 cents 
OO UAT GS eu a RE ese a en 0.18 cents 
General and miscellaneous expenses................ 2.48 cents 


PereIPELAtiOW ee che. ck Wines che ees oe ek 14.69 cents 


Maintenance of way and structures................. 1.02 cents 
Maintenance of equipment........................ 3.01 cents 

Total operation and maintenance................ 18.72 cents 
Provision for depreciation......-2.......-..-2..+.-: 4.47 cents 
SUS eB 0.94 cents 
URGE Ga AS Tn Oe eee ee ee ed 0.14 cents 

SPoratOperatine GxPeiseso co. eb ok as 53's ot 24.27 cents 


Diner Liiis itso Seeds io a cases eS. ab 93.70 per cent 
Proportion of total operating expense assignable to 
I OuEeLONIUG RCTISC MEE Se cote iota see ciate vs ots ois) yk 46.0 per cent 


These expenses are based upon the following statistics: 


SEnraiweconch miles ack Janek 2B ee babs Sos e ct . 38,288,647 
SG EMECOACHENOULS Se ee on) cena Risks Sec om eo 260,638 
Morale nasscupens Carmien. - hic file coe -iosis elec nas 15,041,743 
sotal: passengers per coach mile... . 2.2... 06.2. 4.57 
Kilowatt-hours used per coach mile................. 4.04 


In the 34 cities in the United States where electric 
coaches are in operation, the coaches ordinarily seat 40 
passengers and have both single-motor and 2-motor pro- 
pulsion with the present trend toward the single-motor 
equipment. The single motor uses more power than does 
the dual motor but the saving in weight and cost in favor 
of the single motor compensates for the greater power 
consumption. The average speed of electric coaches in 
Portland is in excess of that in cities of similar size, or 
larger, and in some cases is 18 per cent greater. 

The installation of electric coaches is the largest ever 
made at any one time in the United States, both in num- 
ber of coaches and in the miles of route. The entire trol- 
ley coach system, consisting of 140 coaches and 45.5 miles 
of route, was put in operation within 9 months. 

In general, the installation of electric coaches in Port- 
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land has left no regrets. Minor problems have been met 
and most of them have been solved. Manufacturers 
have been called upon to replace parts and have done so 
at their own expense. Voltage regulators on the first 
coaches received were replaced. The mounting of the 12- 
volt generator was improved. Brake lining did not give 
the expected mileage and was replaced with a different 
type. The recommended clearance between brake blocks 
and brake drums was increased and brake block mileage 
was very greatly increased and scoring of brake drums 
eliminated. Considerable change was made in the motor 
control by one manufacturer and additional change is 
still desirable. 

The tire manufacturer has altered the tread in the 
hope of obtaining greater mileage. While operators were 
being trained and were gaining experience, tires suffered, 
particularly on account of rear wheels striking curbs while 
rounding curves, but, with the ‘‘breaking-in’’ period con- 
cluded, this sort of unusual wear has been almost entirely 
checked, with a resulting decrease in sidewall and tread 
damage. 

The springs in the trolley base are light for the duty 
they are called upon to perform and in the near future it 
will be necessary to replace these springs. The springs 
are probably being permanently deformed and the ten- 
sion slowly decreases until there is but little room left for 
adjustment. Some trouble has been experienced with 


defective castings but the manufacturer has replaced these 
castings in the overhead system with a new design and 


better workmanship. Coils in the electric frogs have 
failed for no apparent reason and we have hopes of a new 
design for the overhead switching. 

With the first schedule on a line changed from street 
cars to electric coaches the speed was slow until the opera- 
tors had experience in operating coaches. Men experi- 
enced in operating motor vehicles made better operators 
than those without driving experience. The operation of 
street cars helped in combating traffic problems but experi- 
ence in steering a vehicle seemed to be very necessary. 

Street cars carry 5.51 passengers per car mile, electric 
coaches 4.79 passengers per coach mile, and motor 
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coaches 2.86 passengers per coach mile. The street car 
lines with heaviest travel were not changed to coach lines 
and these lines still carry the heaviest loads. The con- 
dition of track and possibilities of rerouting determined 
the lines where street car service was replaced by coaches. 
Density of traffic determined whether electric coaches or 
motor coaches would be operated on the line under consid- 
eration. In the future, track will be repaired but when the 
time comes for replacing rail, the track will be covered with 
pavement and the cars replaced with coaches. Some of 
the remaining street car lines are in territory with sparse 
population and these lines will be replaced with motor 
coaches. 

In conclusion, it may be said that public reaction to the 
operation of trolley coaches has been good. Revenues 
have increased from lines replacing street railways, but it 
is too early to determine the amount of traffic drawn from 
paralleling street railway lines and it is known that there 
has been:a certain amount of such diversion, notwith- 
standing that the lines have been several blocks apart. 
Experience to date indicates that the overhead system is 
operating satisfactorily. The type of conductor is being 
tested for wear, and tests are also under way to determine 
the best lubricant and method of lubrication. In this 
connection, it may be added that automatic lubrication 
from passenger vehicles is being tried. Wear records for 
trolley shoes are maintained and tests of other details con- 
cerning the coaches, such as lubricants and lubrication, 
brake linings and drums, and brushes on motors and gen- 
erators, are under way. Tire treads of various kinds are 
also being tested. With another year of experience to 
draw upon, some more definite facts and figures will be 
available. 

Collaborating in the preparation of the above data were 
Mr. W. H. Lines, vice-president and general manager of 
Portland Traction Company, Mr. Gordon G. Steele, gen- 
eral superintendent, Mr. James P. Tretton, superintendent 
of equipment, and Mr. E. W. Moreland, statistician. 


Engineering Curricula 


N AN ARTICLE entitled “What Should the Technical 
School Teach?” appearing in Civil Engineering for 
November 1937, pages 733-4, Scott B. Lilly, professor 
of civil engineering at Swarthmore College, asserted that 
“the great fear of the present executive is obsolescence— 
that some new process will develop which will make his 
whole plant valueless.” Because of this fear many of the 
progressive companies are becoming ever more interested 
in the field of research. ‘Large companies maintain their 
own laboratories, while the small ones combine to form 
trade associations, hiring the best men they can find, and 
spending lavishly to discover new methods that will bring 
them added business.” 
Professor Lilly maintains that research has produced 
better materials, better manufacturing methods, and better 
design; moreover, it has affected the requirements for a 
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four-year undergraduate course because of its demand for 
broader training. ‘“The theory underlying a broad under- 
graduate training is that instead of trying to keep up with 
all the changes that are taking place in each field, a college 
should reduce the number of courses taught, do away with 
special curricula, and concentrate on the things it can do 
best. The time is still far distant when engineering will 
be all science. Many of the structures being built even 
today are standing not because the theory of design is ab- 
solutely correct, but because the computations result in a 
structure similar to one that has proved satisfactory. In 
some cases it may be years before theory catches up with 
practice. Nevertheless . . . colleges should teach the sci- 
ence of engineering—that is, ... students should spend. 
the major part of their four years on the underlying prin- 
ciples of engineering, devoting only a moderate amount of 
time to applications.” 

The author believes that teaching has been too much 
concerned with the formal processes involved. ‘“‘Men 
have learned how to do things, rather than why. They 
learned rules. But would it not be better to teach all 
courses from the standpoint of developing principles? 
For years the student has asked why he must spend so 
much time on mathematics when practicing engineers. 
have told him that they rarely, if ever, have occasion to 
use the calculus. He does not realize that he will use the 
type of reasoning he Jearned in the calculus, although un- 
conscious of where he learned it. Mathematics, then, 
must be taught so that the principles remain, even though 
the formal processes, the rules, are forgotten.” 

A suggested new curriculum, designed to meet the de- 
mands of modern industry, would be identical for civil, 
mechanical, and electrical engineers for the first three 
years. ‘‘The courses would include mathematics, physics. 
and chemistry, descriptive geometry, kinematics, me- 
chanics (both analytic mechanics and strength of mate-. 
rials), electrodynamics, hydraulics, and thermodynamics. 
This work would occupy three-quarters of the student’s. 
time for the first three years. In the senior year, he 
would be allowed to specialize in that branch of engineer- 
ing in which he is most interested. He would have had 
the basic courses in all three fields and could take any 
advanced course offered. Some attempt should be 
made in at least one of these selected courses to carry 
the man as far as he is able to go—to acquaint him with 
the frontiers of knowledge in that field, so that he can see 
that engineering is not a dead thing, but a living, growing 
profession that will demand his best efforts.” 

“The broad engineering education . . . must include 
courses that cover the human side as well as the material 
side of the profession. But a ‘course’ in college is not an 
end; if it fails to develop a keen desire to know more, to 
go into the subject more deeply, it may be worse than use- 
less... The greater part of this kind of education must 
come after graduation — and this will be true no matter 
how many courses were taken in college. The most im- 
portant thing, therefore, is to instill the desire to be well 
read and well informed, not as a window dressing, but as. 


equipment to face social problems and do something about 
tiienine 
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Stray-Load Losses 


By E. W. SCHILLING 


MEMBER AIEE 


‘Synopsis 

This article describes a method of measuring stray- 
load losses which is readily adaptable to the test depart- 
ments of the manufacturers. Usually no additional test 
apparatus will be required beyond that already available. 
The same arrangement used for a pump-back heat-run 
_test is used with only slight modification. Experimental 
data are given showing the effect of speed, load, and field 
Strength upon these losses. 
; 


: GS sto et losses may be defined as the losses 


y 


at any particular load which are not accounted for 

by the conventional methods of measuring and 
calculating losses. They are divided into 3 classifications 
according to the causes producing them, as follows!: 


1. Loss due to eddy currents in the armature conductors. 

2. Short-circuit loss of commutation. 

8. Increased core loss caused by distortion of the main field by 
armature reaction. 


Various methods have been proposed for taking these 
losses into account. It has been suggested that the no- 


Circuit used in determining stray-load loss of 


Figure 1. 


the set. Rotational losses supplied electrically 


load core losses plus armature J*R losses be multiplied by 
a constant whose value should be somewhere between 1.1 
and 1.5.28 Such a procedure is open to the criticism that 
it would require a great number of constants to take into 
account differences in design.’ 

Input-output tests have been made and data pub- 
lished.24 The results of these tests were contradictory. 
One paper indicated high accuracy to be possible, whereas 
the other indicated that the method is not dependable. 

Some work has been done on this problem® by using a 


generator with a compensating winding in the pole faces and ~ 


comparing no-load losses with this winding unexcited to 
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of D-C Machines 


R. W. KOOPMAN 
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those when it is separately excited to various percentages 
of normal value. Of course, the first objection to this 
method is that most d-c machines do not have compensat- 
ing windings. A further objection is that the additional 
loss determined in this manner is the result of field dis- 
tortion and does not include losses in the armature con- 
ductors themselves due to eddy currents. 

There is at present no standard way of directly measur- 
ing these losses, and according to the American Stand- 
ards for Rotating Machines they are to be taken as one 
per cent of the output. This rule obviously makes no 
provision for differences in design and, in the case of ad- 
justable-speed motors, charges the same loss to the 
machine at weak field and high speed as at strong field and 
low speed. That the latter is objectionable is clearly 
shown by the data given in this paper. 

As a means of measuring stray-load losses, a’ direct 
measurement of total losses of 2 machines connected to- 
gether in a modification of the familiar pump-back 
connection as shown in figure 1 is proposed. By sub- 
tracting the determinable losses from the total measured 
losses the total stray-load loss of the two is determined. 

One of the contributions made by this paper is a method 
of allocating the proper proportion of the total stray loss 
to each machine when using the method described above; 
the other is informational in nature, that is, data are given 
on the stray loss resulting from operating d-c motors 
under varying conditions of speed, load, and field strength. 


Test Procedure 


The circuit used for making the tests is shown in figure 
1. M and G are machines of the same size, type, and 
design, and the brushes of both are set on neutral. They 
are therefore considered identical. Throughout any given 
test the field currents of the 2 machines were kept con- 
stant. The armature currents were varied by changing 
the booster (B) voltage. 

The combined losses of the 2 machines M and G are 


Exl, + Eslp = Lt 
L, includes the armature J’R loss, commutating-pole- 


winding J?R loss, no-load core loss, brush-contact loss, 
windage and friction loss, and stray-load loss. 


A paper recommended for publication by the AIEE committee on electrical 
machinery. Manuscript submitted April 22, 1937; released for publication 
October 8, 1937. 


E. W. Scurtiine is associate professor of electrical engineering at Michigan 
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Figure 2. Stray- 
load loss of set 
at 850 rpm, using 
circuit of figure 
1, versus average 


armature current 

F of the 2 machines 

o A—Field current 

is 0.50 ampere 
5 

S B—Field current 

x 0.66 ampere 

S C—Field current 

a 0.80 ampere 
= 
io 
< 
Ss 

(0) 4 8 l2 16 20 24 
AMPERES 

Figure 3. Stray- 

load loss of set 

at 1,000 rpm us- 

ing circuit of 

figure 1 

A—Field current 

0.50 ampere 

B—Field current 

0.80 ampere 


WATTS STRAY-LOAD LOSS 


2 
AMPERES 


In order to insure that the various friction losses, the 
I?R losses, and, to a limited extent, the core loss would 
remain constant during the period required for taking 
the readings, it was necessary to run the machines until 
constant temperatures were reached. After this tem- 
perature was reached the brush contact drop was meas- 
ured. Next the electrical input readings of fi eee 
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and I, were taken. Immediately the line was opened 
disconnecting the machine on the right; under this con. 
dition, the coupled machines come to rest, but the booste1 
continues to circulate current of very nearly the same 
value as when all machines were in motion. 

This convenience was of great value because the drops 
across the commutators and series resistances could be meas: 
ured with very little loss of time and, consequently, with 
very little change in resistance between the time the input 
readings were taken and the time the resistance measure- 
ments were taken. As soon as the resistance measure- 
ments were completed the set was started again and run 
at the same value of armature current as before, in 
order that the temperatures would remain constant. The 
internal voltages of motor and generator were then com- 
puted. The field current of the motor was then changed to 


Figure 4. Stray- 
load loss of set 
at 780 rpm,. using 
circuit of figure 1 


A—Field current 
0.50 ampere o 
Oo 
B—Field current 
0.80 ampere 2 
Oo 
a 
x 
a 
= 
n 
n 
a 
< 
g | | ae 


ceseryaee 
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ge 


Ont 8 12 9 \6 Secon 
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Figure 5. Deter- 
mination of ex- 
ponent n at 850 
rpm, 0.50-ampere 
field 


A—Loss versus aver- 
age armature current 
of the 2 machines of 
set using circuit of 
figure 1 


WATTS STRAY-LOAD LOSS 


B—Loss versus arma- 
ture current of one 
machine; losses 
separated according | 2 
to scheme proposed 


3495 fe) 
AMPERES 


20 (3G 
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orrespond to this voltage as read from the saturation 
surve, the booster circuit was opened, and the generator 
eld current was adjusted to give the calculated internal 
oltage. The friction, windage, and core loss of the set 
could then be determined from the input to M and its 
culated J?R and brush-contact losses. — 

By taking the core-and-friction-loss readings immedi- 
tely after each test, errors that result from wearing of 
brushes and from changes in bearing friction due to tem- 
perature changes were eliminated. 

’ The stray-load loss of the set L, was taken to be 1EA 
‘minus brush contact loss minus J2R loss minus friction, 
windage, and core loss. A series of load-loss readings 
was thus taken at constant field current and speed for 
‘several values of Jz. These losses were then plotted 
against the average current of the 2 machines. Several 
different series of readings were taken using different 
speeds or field currents; these results are shown in figures 
2, 3, and 4. 


Determination of Portion 
of L, Due to Each Machine 


The curves mentioned above show how the total load 
loss of the set varies with average armature current, but 
do not give that due to each machine, because the arma- 
ture currents are different. 

We shall now describe the method used to separate L, 
into the components due to each machine. 

Since we assume that the 2 machines are identical, and 
since they operate at equal field currents, the only variable 
affecting ZL, is the armature current. If the law of varia- 


Figure 6. Circuit for obtaining stray-load loss with same 
armature current in both machines 


Figure 7. Stray- 
load loss of one 
machine at 850 
rpm, 0.50-ampere 
field, versus arma- 
ture current. 
Curve calculated 
from test data ob- 
tained using cir- 
cuit of figure 1. 
Circles represent 
test points ob- 
tained by using 
circuit of figure 6 
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0.50-ampere field os |e he wala] Shs Fai 
2 ES a ae 
te Pee 
5 
sal hp 
EAS Nala tied 
a Le 1 lal gh 
Mg) | 
Y) 
ed A a 
Sol ick lk, ch ap 
Pore tap |p awe fa 
EIS trae 
IE as salen 
4 8 | 16 20 


2 
AMPERES 


70 
ol wane ek peel) Sa ea a 
a a 
0 Hf} +A 
O 
$80 lai ea 
Stra os bred | |e Sew eal aa 
cE pam POE TST IL) 
A Dl AL 2 
oer Cad Ee A 
n26 HU 
eee | agp ale ape LC 
Figure 9. Same A (PES AMMmr Le 
as figure 7, but for LEE 


1,000 rpm, 0.80- . 


Copa gt ig" 4G oo S24 
ampere field AMPERES 


tion of L, with armature current were known it would be 
mathematically possible to calculate the portion of L, 
to be charged to each machine. Plotting L, versus aver- 
age armature current gives us some idea of this law. 
Assuming that these curves can be expressed by L, = 
RI,” we can easily find 1 by plotting on logarithmic paper 
as shown in figure 54. Then at a particular value of L,, 


L; = kIg” aF kI 4” 


and the portions of L, chargeable to generator and motor 
respectively are 


n 
. I M 


G 
re maiay AG l ae OE ort 


to the degree of approximation that m approximates 
the true value of 1 as it would be obtained by plotting the 
actual load loss of only one machine against its armature 
current. 

Theoretically we could plot a curve of the load loss of 
one machine as obtained by using the approximate value 
of n and obtain a new value of n, make a new separation, 
plot another curve, etc., until we approach the true value 
of 2 as closely as we please. Practically, however, it is 
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necessary to make only one separation. That is shown 
in figure 5, where curve A is the plot of L, versus average 
armature current and B is the curve of the load loss of one 
machine plotted versus its armature current. There is 
scarcely any difference in the slopes of the 2 curves. The 
closeness with which the points fit the straight lines indi- 
cates that the equation L, = = ls ” is correct to a high de- 
gree of accuracy. 

In order to illustrate the method more clearly an ex- 
ample of a typical set of readings at 850 rpm and 0.5 
amperes field is given. 


Ez, = 94.80 volts 
I; = 4.42-amperes 
Ez = 18.70 volts 
Iz = 11.05 amperes 
Generator brush contact drop (positive -++ negative) 
1.40 volts 
Motor brush contact drop (positive + negative) 1.80 volts 


11.05 amperes 
15.47 amperes 


Generator armature current, Ig 
Motor armature current Jy, 
Resistance of generator windings at operating 


ou ud a 


temperature plus series resistance of 0.017 ohm = 0.807 ohm 
Resistance of motor windings at operating tem- 

perature plus series resistance of 0.012 ohm = 0.847 ohm 
A. Line supply watts = 419 watts 
B. Booster supply watts = 206.6 watts 
C. Total supply watts = 625.6 watts 
D. J?R generator = 98.8 watts 
E. JI?R motor = 203.0 watts 
F. Brush-contact loss, generator = 15.5 watts 
G. Brush-contact loss, motor = 27.9 watts 
H. Core loss, friction, and windage of set = 234.0 watts 
I. Total of directly measurable losses (D + E + 

F+G+48H) = 579.2 watts 


JeeeSttay-load loss... — © 7) = 46.4 watts 


Determination of L, 
Chargeable to Each Machine 


From figure 54, n = 2.16. Therefore the portion of 
L, chargeable to the generator is 


11.05 15.47 


and that chargeable to the motor is 46.4 — 15.1 
watts. 


= 31.3 


Check on Procedure 


As a check on the validity of the method which was 
used to separate losses, another series of tests was run on 
the set under the same conditions of speed and field cur- 
rent as before; but in this series the circuit of figure 6, in 
which the armature currents of the two were exactly the 
same, was used. In this test as in the other the same pre- 
cautions regarding heating were observed. It was again 
possible to use the booster to circulate current for measur- 
ing JR drops and thus save time, as no extra connections 
had tobe made. The driving motor at the left in figure 6 
was supplied from a variable-voltage generator. This 
voltage was reduced to a low value, and the field circuit 
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A—1,000 rpm; 0.50 
ampere field current 
B—850 rpm; 0.50 
ampere field current 
C—1,000 rpm; 0.80 
ampere field current 
D—780 rpm; 0.50 
ampere field current 
E—850 rpm; 0.80 
ampere field current 
F—850 rpm; 0.66 
ampere field current 
G—780 rpm; 0.80 
ampere field current 


YH 


WATTS STRAY- LOAD LOSS 
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— 
TE 
Z 
g 
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Is 139° 14 8 1S ee 
AMPERES 
Figure 10. Comparison of stray-load loss under different 
conditions of speed and field current 


of the motor opened. This stopped the set but still 
circulated current through the armature of the driving 
motor and thus simplified the measurement of resistance 
in this machine. The stray-load loss of the set is then 
equal to the booster output minus calculated losses of the 
set plus increased output of the driving motor between no 
current in the set and that current at which the test was 
run. Brush-contact drops were measured on all ma- 
chines and these values used in calculating the brush- 
contact losses. 

The stray-load loss under these conditions of operation 
should be the same for each machine. Figures 7, 8, and 9 
were plotted from data obtained by applying the method 
of separation described in this paper to the curves of 
figures 2A, 3A, and 4B. The circles are test points ob- 
tained by using the circuit of figure 6. Here then are the 
results of obtaining the stray-load loss of a machine from 
2 entirely independent and different tests. The results 
check as closely as could ever be expected in a test of this 
kind. 


Conclusions 


In these tests a machine operating under different condi- 
tions of speed and field current shows a wide variation in 
load loss, as shown in figure 10. The broken vertical line 
indicates rated full-load current. The outputs of the 
machine are approximately the same at 1,000 rpm, 0.5 
amperes field; 850 rpm, 0.66 ampere field; and 780 rpm, 
0.80 ampere field, but the stray-load losses vary widely 
between these limits. This shows the need of a new rule 
for calculating stray-load loss for adjustable speed ma- 
chines, as the present rule would charge the same loss at 
all three speeds. Another illustration of the inadequacy 
of the present rule is shown by figure 10. For instance, B 
and C intersect at about 14.8 amperes. The data given in 
this paper show that the load losses are equal at these inter- 
sections; yet the outputs are different in that they corre- 
spond to a speed of 850 rpm and field of 0.5 amperes for B 
and a speed of 1,000 rpm and field of 0.8 amperes for C. 


The present rule would charge different load losses for the 
2 conditions. 
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All the curves taken with weak field show steeper slopes 
in the region of high armature current than those taken 
with the stronger field. The reason for this difference is 
that the armature current has a greater distorting effect 
on the resultant field when the main field is weak. 

The advantage of using this method over the input- 
output test is that losses are measured directly, whereas 
in the input-output test they are taken as the difference 
between two relatively large quantities. The improve- 
ment in accuracy is obvious. 

Another advantage is that very little wiring is required 
beyond that for the pump-back heat-run test as it is set 
up by many manufacturing companies. No special 
equipment is needed, and the labor required is com- 
paratively low. 

Its disadvantage is that the machines must be assumed 
to be identical. 

The losses obtained were higher than expected, prob- 
ably because the air gap was shorter than the average. 
This in itself is another fact which indicates the necessity 
of adopting a test procedure for determining stray-load loss. 
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The Library as an Engineering Tool 


ITTLE excuse exists for those engineers who fail to 
furnish the correct answer to a current problem if it 
can be deduced, at least in part, from information available 
in libraries, according to an article by Gregory M. Dexter 
appearing in the November 1937 issue of Mechanical En- 
gineering, pages 845-9. The author believes a library to 
be an engineering tool worthy of more than passing 
thought, because “some [engineers] find it easy to go 
along in the daily job without sensing or taking time to 
study the implications of new developments in unrelated 


or even in related fields of their daily activity. When sug- 
gestions are made for improved methods, many of them 
at some time say, ‘it cannot be done.’ They have not had 
sufficient interest or leisure to find out whether conditions 
have changed, new developments have occurred, or the 
previous failure did not arise from some fault in manage- 
ment or application of method.” 

Many engineering problems are settled easily by refer- 
ence to the latest books; consequently, one of the most 
valuable source books for the engineer is the catalog of 
the large publisher of technical books. Yet often he will 
find that the best book on a particular subject is not pub- 
lished by one of the large technical publishing houses, and 
if he is thorough in his search for knowledge, he may find 
that the book he wants can be obtained only from some 
publisher of whom he has never heard. 

“Many problems which engineers have to solve are so 
involved in technicalities, so unusual, or so special in ap- 
plication that no book available gives more than an ele- 
mentary discussion. Places to which an engineer may 
turn then are the various departments of the federal and 
state governments as well as the numerous experiment 
stations. 

““He should have always available a complete set of the 
indexes of federal publications which are obtainable from 
the Superintendent of Documents, Washington, D.C.... 
If the particular subject in which he is interested is not 
listed, a letter to the appropriate federal department often 
will bring him valuable information on unpublished data 
or other suggestions.”’ 

The author admonishes the reader that the titles to some 
of the general indexes are likely to deceive the engineer con- 
cerning their actual scope, and that valuable information 
sometimes may be obtained from the most unlikely appear- 
ing sources. 

“Services of a librarian often are used in making searches 
for engineers. No disparagement of the value of such serv- 
ices is intended .... but engineers should recognize how 
much better results could be obtained by an engineer in- 
stead of a librarian. The engineer appreciates all rami- 
fications of the problem he is investigating. He needs, 
of course, the facility a librarian has in knowing how to use 
a library. He needs persistence and imagination. Yet 
an engineer who knows his subject and has those qualities 
plus some knowledge of the library undoubtedly could do 
a better job of searching than a librarian. Merely glanc- 
ing over an article would tell him whether it was worth ab- 
stracting or only listing in his bibliography. 

“No engineer should entertain the idea that a library 
search is a method of avoiding original thinking. It is 
only a method of avoiding unnecessary expense in repeat- 
ing mistakes that other men have made. It is a way of 
trying to start with new designs, inventions, or develop- 
ments where other engineers and inventors have stopped.” 

The article contains comprehensive listings of book cata- 
logs and indexes, government publications, guides and in- 
dexes to economic data, and general and special indexes. 
Most libraries have special bibliographic facilities of their 
own which should not be overlooked, and the author sug- 
gests ways of obtaining and using these special facilities. 
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Oil Oxidation in Impregnated Paper 


By J. B. WHITEHEAD 


FELLOW AIEE 


Introduction 


UCH HAS BEEN written recently on the influ- 
ence of oil oxidation onthe properties and stability 
of impregnated paper insulation. It is thought 

by many to be a principal cause of deterioration in high 
voltage cables. Oxygen is highly soluble in cable oils; 
if present in appreciable quantity and at moderate tem- 
perature elevation, the oils oxidize rapidly with conse- 
quent loss of insulating value. However, the amount of 
oxygen remaining in a carefully dried paper cable is so 
small, and the oxidation process is so slow that it remains 
to be proved that it is more important in deterioration 
than other well-known causes. 

In this paper we report a series of studies of the oxida- 
tion process in cable paper impregnated with oil contain- 
ing different amounts of oxygen, as indicated by changes 
in well-known electrical quantities. Separate studies of 
the effect of equal amounts of air and of nitrogen, and of 
the behavior of the oil alone, and as affected by paper and 
metal, throw interesting light on the nature of the pro- 
gressive changes found in the electrical characteristics. 


Experimental Method 


One type of oil and one type of paper were used through- 
out. Ten layers of the paper were assembled in a small 
parallel-plate capacitor, equipped with the usual guards, 
and mounted in a Pyrex glass dish, and placed inside an 
evacuating and impregnating tank with temperature 
control. See figure 1. The paper is evacuated at 0.05 
millimeter of mercury pressure to a standard degree of 
dryness and the oil admitted for impregnation. Before 
admission the oil is filtered, degassed, and saturated with 
oxygen at various pressures, and impregnation takes 
place in an atmosphere of oxygen at the same pressure. 
After impregnation the sample is kept at the same constant 
pressure and at a temperature of 80 degrees centigrade for 
about one week. Measurements of power factor and 
capacitance, as related to voltage and temperature (at 
end of test) were made at intervals. At the end of the 
run the power factor of the individual paper layers, and 
the electrical properties of the oil drained off the specimen, 
were measured. Additional studies were made on the oil 
alone and on the impregnated paper using nitrogen as im- 
pregnating atmosphere. The catalytic effect of several 
metals on oil oxidation was also measured. 


A paper recommended for publication by the AIEE committee on research. 
Manuscript submitted September 16, 1937; released for publication October 15, 
1937. 
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ENROLLED STUDENT 


The Paper and the Oil. A single grade of uncalendered 
chemical wood pulp “‘kraft’”’ paper, as made by a well 
known manufacturer was used throughout. Its proper- 
ties!'221 are given in table I. 

The oil, designated by the refiner as ‘‘highly refined 
paraffin” cable oil, was delivered protected by nitrogen 
atmosphere and so maintained until used. Its proper- 
ties are given in table II. 

Test Capacitor. The capacitor is of circular parallel- 
plate type; high-voltage electrode 13-centimeter diameter, 
low-voltage electrode 10.4-centimeter diameter, equipped 
with guard ring, radial width of gap and ring 1.25 centi- 
meters; material, brass throughout. 

Ten circular sheets of paper 15.6-centimeter diameter 
constituted the usual test sample. A constant weight 
was placed on the upper high-voltage elect ode to ensure 
uniform pressure in all samples; air capacitance at this 
separation, 71 micromicrofarad . The capacitor is mounted 
in a shallow Pyrex glass dish, which is placed in a vacuum- 
tight, temperature-controlled impregnating tank shown in 
figure 1. The tank can be evacuated to 0.05 millimeter of 
mercury, and heated to 110 degrees centigrade. The oil 
is admitted through Pyrex tubing, and the removable top 


Table |. Physical and Electrical Properties of the Paper 
EP WICKNESS Maccnehs shesde cee ene eer ee 0.0045 inch 

Diametercy x. 5.x s:caet cee oes 6.00 inches 

Specibie’gravityi. «6 sok os enters 0.882 

Gurley air resistance... es. neieas « 640 seconds 

Effective capillary radius.,.......... 8.2 X 10 centimeter 

Conductivity nc. 2.20 o. «tenes 1.0 X 107185 mho per cubic centimeter 
POWER ACCOR rapes nies Ye oese reyetelglearorets 0.00140 

Dielectric constant...cs + sacs sce eee 2.41 


Electrical measurements at 80 degrees centigrade 


Table Il. Physical and Electrical Properties of the Oil 
Pour point. cia anise colons © chem ai 4.4 degrees centigrade 

Blastipoint ; Soja tisies© sisiris ee cae ete 263 degrees centigrade 

Specifie’ gtavityiin. wenicissctess mercer 0.903 

Viscosity:ss ders ots: felts eer a ee 4.07 poises 

Surface tension.....................38.3 dynes per centimeter 

Penetrative DOWer aise se ee eee See 6.52 K 1073 


Dielectric strength’ 2. .isiaic0 not eos Jo 25, 820) VOltS 

Conductivity (20 minute)...........5.75 X 10714 mho per cubic centimeter 
Power factors 2i.cicieeesletinicarete ce meen 0.0005 

Dielectnic'constant. .... 6.6 cos ee eeeane 2.204 


Measurements at 40 degrees centigrade 


Table Ill 
Pressure Volume of Gas Per Cent of Oil 
of Oxygen Absorbed Volume 
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Figure 1. The test cell 


carries glass bushings for the electrical connections. 

Oil Purification and Oxidation. The oil as received is 
first passed through the glass wool filter shown in figure 2, 
and then through the combined vacuum degasifier and 
dehydrater shown in figure 3. In the latter the oil passes 
down in a thin film over the turns of an open spiral of 
Nichrome wire in the inner of 2 coaxial glass tubes. The 
outer tube contains a heating coil; temperature in opera- 
tion 80 degrees centigrade, pressure, 0.2 millimeter of 
mercury. After this treatment the oil had a power factor 
(60 cycles) of 0.0003 and a breakdown strength (standard 
disk gap) of 30,000 volts at room temperature. 

Oxygen Content of Oil. Oxygen was admitted to the 
oil in different amounts, by exposing it to the gas at 
different pressures, in the apparatus shown in figure 4. 


Figure 4. The oxidation apparatus 
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Figure 2. The oil filter cell 
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Figure 3. The degasification and dehy- 
dration apparatus 


It has been shown that the volume absorbed-pressure 
relation is linear over a wide range,” for equal times and 
temperatures of exposure. In this work the oil was first 
raised to a temperature of 80 degrees centigrade, and 
evacuated to 0.1 millimeter of mercury. Then dry oxygen 
was admitted and the sample allowed to absorb oxygen 
for a period of 65 hours at constant pressure. The values 
of pressure adopted for study were 1 millimeter, 5 centi- 
meters, 10 centimeters, and 76 centimeters of mercury. 
In what follows the different samples will be referred to in 
terms of these pressure values. The amount of oxygen 
absorbed in the several 1,000-cubic-centimeter samples 
at the respective pressures was found to be as given in 
table III. It will be seen that the relation between pres- 
sure and volume absorbed is approximately linear. 

Impregnation. The test electrodes were washed in 
successive baths of soap and water, benzine, alcohol, or 
carbon tetrachloride, and distilled water, and dried. Ten 
layers of paper were placed between the plates and the 
whole placed in the impregnating and measuring tank. 
The temperature was raised to 105 degrees centigrade, 
and the pressure reduced to 0.1 millimeter of mercury. 
Frequent measurements of power factor and conductivity 
were taken in order to follow the drying process. Con- 
stant values indicating extreme state of dryness were 
usually reached in 72 hours; power factor, 0.00140; con- 
ductivity 1.0 X10 ~-1® mhos per cubic centimeter. When 
these values were reached the temperature was lowered 
to 80 degrees centigrade and the oil, after treatment as 
already described, was admitted for impregnation. 
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Figure 5. Power factor and capacitance versus time 


In each case impregnation took place in an atmosphere 
of oxygen and at the same pressure and temperature at 
which the oil had been saturated. Thus for the 5-centi- 
meter test the oil was preoxidized at 5 centimeters of mer- 
cury pressure and 80 degrees centigrade, and admitted 
to the dry paper at the same pressure and so maintained. 
The glass dish containing the capacitor was filled with oil 
and so remained throughout the test, so that there was 
a constant supply of oil and gas at constant pressure 
throughout the test. After admission of the oil the sample 
was allowed to stand for 24 hours to ensure complete im- 
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IONIZATION FACTOR = POWER FACTOR AT 120 VOLTS 
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Thus the various behavior of the samples, as observed, 
is due to the oxidation process alone. 

Electrical Measurements. Power factor and capacitance 
were measured on the transformer bridge developed in 
these laboratories by Seletzky*! and McCurley.** It 
has a power factor accuracy of 0.0001 and can be balanced 
in less than 3 minutes. It lends itself readily to varia- 
tions of setting needed for ranges of voltage stress, and 
for tests on single paper layers. The standard air capacitor 
is of flat type with electrodes 14 by 28 inches; the capaci- 
tance is 179 micromicrofarad. The output transformer 
feeds into a resistance-capacitance coupled amplifier. The 
detector is a vibration galvanometer; sensitivity, 40 
millimeters deflection per microampere, at one meter 
distance of scale. A high sensitivity d’Arsonval gal- 
vanometer was used for d-c conductivity measuremeuts, 
under methods described in earlier papers.' 


Experimental Results 


Five series of observations were made of the influence 
of oil-absorbed oxygen on the behavior of impregnated 
paper. These will be referred to as the 1-millimeter, 
5-centimeter, 10-centimeter, and 76-centimeter tests for 
pure oxygen. The fifth series covers a sample with oil 
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Figure 6. lonization factor-time Figure 7. Power factor-voltage Figure 8. Power factor-temperature 

pregnation. In the results reported below the end of treated at one millimeter air and impregnated and 


this 24 hours is taken as zero time. Thus at this stage 
the oil had already been exposed to oxygen at 80 degrees 
centigrade during gas saturation, and paper impregna- 
tion, for a total of 89 hours. Electrical measurements 
were begun at this point, and consisted of power factor 
and capacitance at 60 cycles, and 20 volts per mil of paper 
thickness, 3 times a day; and a power factor-voltage run 
up to 150 volts per mil once each day. This program was 
followed for 168 hours, the duration of the normal test. 

After the normal test, heat was removed from the tank 
(pressure constant) and during cooling the power factor- 
temperature curve of the sample taken for the range 80 
degrees—25 degrees centigrade; a power factor-voltage 
curve was then taken at room temperature. The oil 
was drained from the sample for further test; the sample 
was then disassembled and consecutive measurements 
made of the power factor of each layer; the successive 
layers were carefully examined for any evidence of gas 
spaces, wax formation, or other significant condition. 

At no time during the above tests was sustained voltage 
applied to the samples, and the electrical measurements 
3 times a day were of brief duration and at low stresses. 
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tested at one millimeter air, the process being identical 
in all other respects with the one-millimeter oxygen test. 

One-Millimeter Oxygen Test. The results are shown in 
figures 5, 6, 7, 8, and 9. The capacitance, figure 5, is 
constant over the 168 hours of the test. The power 
factor rises very slightly from 0.0038 to 0.0042. 

The power factor-voltage relations taken at 24-hour 
intervals are indicated in figure 7, and the resulting 
ionization factors in figure 6. The power factor-voltage 
curves at 80 degrees show a rising tendency at first, but 
evidently indicate an approach to a maximum value of 
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Figure 9. Layer variation of power factor 
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ower factor. This behavior has been noted in earlier! 
studies of well-impregnated samples, although at lower 
stresses. The power factor at 20 degrees is constant be- 
tween 20 and 150 volts per mil. These facts indicate the 
elative unimportance of gaseous ionization and suggest 
the presence of some type of oil ionization increasing 
with temperature and time, and voltage, up to a certain 
value. The increase with temperature, figure 8, is due to 
the increased mobility of the liquid ions; the increase 
with time to the increase of the number of i ions with pro- 
essive oxidation or other cause; the increase with volt- 
age is due to either increased mobilities, or new ions formed 
under increased stress, due to collision or other cause. 
The maximum of power factor results from a maximum 
conduction current when all ions are withdrawn as fast 
as formed. Other evidence in support of this view is 
given hereinafter. Other suggestions of mechanisms of 
the formation of new liquid ions are those of Inge and 
Walther’? and Arman and Starr.*§ 

Figure 9 shows the variation of power factor between 
successive paper layers. It is seen that the power factor 
is fairly uniform from layer to layer throughout and of a 
very low average value. The maximum variation is only 
0.0006 power factor. The maximum of power factor 
occurs in the eighth layer from the high voltage electrode, 
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Figure 10. Power factor and capacitance versus time 


creased rising tendency in the latter beyond 120 hours. 
This indicates that the 50-fold increase in oxygen content 
has a scarcely noticeable effect on these curves. The 


power factor-voltage curves, also, figure 12, except for 
some irregularity in the early stages, are substantially 
flat at 80 degrees up to about 100 hours, and do not rise 
above those of the one-millimeter sample until the end of 
the test, where the maximum value at 150 volts per mil 
is only 0.006. At 22 degrees the curve is definitely flat 
up to 150 volts per mil, at 0.0026 power factor; 
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Figure 11. lonization factor-time 


and not at the layers adjacent to electrodes as frequently 
observed. Indeed, at the electrodes the power factor is 
at its lowest values, indicating that at the low oxygen 
- content here in question, the electrode-oil reaction does not 
appear within a period of 200 hours at 80 degrees centi- 
grade. Apparently, therefore maxima of power factor 
in layers adjacent to conductor and sheath sometimes 
observed in new cables are due to some other cause. 
5-Centimeter Oxygen Test. The results are shown in 
figures 10, 11, 12, 13, and 14. The capacitance-time, 
and power factor-time curves, figure 10, are closely the 
same as in the one-millimeter test, with a somewhat in- 
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Figure 14. Layer variation of power factor 
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Figure 13. Power factor-temperature 


slightly higher than the corresponding curve, 0.002, at 
one millimeter, due probably to the increased oxidation. 
This, however, has little or no effect on the ionization 
characteristics, see figure 11. In fact up to 120 hours at 
80 degrees centigrade, the electrical properties of this 
sample are substantially the same as those of the sample 
containing only one-fiftieth as much oxygen, and only 
slightly impaired beyond. The layer-power factor curve 
indicates the beginning of catalytic action of the brass 
electrodes. 

These facts suggest that the deteriorating effects of 
small amounts of oxygen are either negligible or very long 
delayed in good cable insulation in normal service; also 
that a substantial amount of oxygen might be present in 
new cable, and not show itself for sometime. 

Tests at 10 Centimeters and 76 Centimeters of Mercury 
Pressure Oxygen Content. In order to accelerate the 
oxidation process still further, similar tests at much 
greater values of oxygen content were made, that is, 
the oil was saturated with oxygen at 10 centimeters and 
76 centimeters of mercury pressures, respectively. The 
results are shown in figures 15 to 19, respectively in which 
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the results at lower pressures are also included for con- 
venient comparison. 

Figure 15 shows the power factor plotted against oxy- 
gen content, as indicated by saturation pressure, for four 
different periods of time at 80 degrees centigrade after 
impregnation. Each curve thus represents an increased 
stage of deterioration, at any value of oxygen content. 
It is seen that for all curves the variation of power factor 
between one millimeter and 5 centimeters pressure is 
scarcely noticeable. Beyond 5 centimeters the increase 
with pressure is at first rapid, but then becomes slower 
again as the very high oxygen content of 76 centimeters 
is approached. 

Figure 18 shows the power factor-temperature rela- 
tion for each pressure. At low temperatures (20 degrees 
centigrade) the power factor is less than 0.004 for all values 
of oxygen content, and at 76 centimeters is only 1.8 times 
that at 1 millimeter. The differences are increasingly 
great, however, at higher temperatures. Thus the well- 
known influence of increased temperature in increasing 
the rate of oxidation is reflected in these power factor 
curves. In the 2 lower curves the practically linear in- 
crease may be explained as due to decreasing viscosity and 
increased ionic mobility. But the rapid rise in the 2 
upper curves seems to require other explanation inherent 
in the oxidation process, such as the liberation of gas 
(hydrogen) and the consequent formation of water, and 
the formation of organic acids. Or more simply, we may 


note that the “velocity constant’’*® of the oxidation re- 
action increases exponentially with the temperature. 
If the reaction itself provides (even temporarily) an 
increase in the number of free ions, the observed increase 
Further evi- 


in power factor is readily accounted for. 
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dence in support of this view is given later. No visual 
evidence of gas was found in the dismantling of any of the 
specimens. Figure 17 shows the temperature increase 
of power factor as function of the oxygen impregnating 
pressure. 

Figure 16 shows the rapid increase beyond impregnating 
pressure 5 centimeters of ionization factor with value of 
oxygen content. The increase is very slight at one 
millimeter and at 5 centimeters, but very pronounced at 
higher impregnating pressure, as may be also seen in the 
power factor-voltage curves of figure 20 for 10 centi- 
meters, and figure 21 for 76 centimeters. These increases 
of power factor with electric stress are not due to the 
liberation of gas, and to gaseous ionization; no free gas 
or other traces of ionization of this character were en- 
countered. Rather the increase is to be attributed either 
to an increase in the number of ions due to some type of 
secondary ionization, or to an increase of ionic mobilities 
due to the stripping, under increased stress, of the outer 
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envelopes of neutral molecules from the ions already 
present, or to both these causes. The flattening out of 
some of the power factor curves seems to support the 
latter view. Support of the former is found in the abrupt 
drop in power factor when the oxygen content and vola- 
tile products are withdrawn, as reported below; this 
indicates that during the oxidation process a large number 
of highly mobile ions are present. 

Figure 19 affords a view of how the layer variation of 
power factor varies with oxygen content. As already 
stated a substantial amount of oxygen is needed to show 
itself in this way. 
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7 It is interesting to note that the capacitance of all the 
impregnated samples over the whole range of oxygen con- 
tent was the same, and remained constant over the 
duration of each test. This indicates that notwithstand- 
ing the heavy oxidation of the 10-centimeter and 76-centi- 
meter samples, no appreciable molecular or ionic polariza- 
tion was evident. 

Impregnation in Air at One Millimeter Pressure. For 
comparison with the results using pure oxygen, a sample 
in which oil saturation and paper impregnation took 
place in air at one millimeter pressure, was tested, all 
technique being the same as for the sample impregnated 
at one millimeter of oxygen. The results are shown in 
figures 22, 23, and 24. Certain noticeable differences 
from the oxygen sample are evident. The capacitance, 
while constant over the duration of the test, has a sub- 
stantially lower value, 243 versus 258 micromicroforad. 
The power factor-time curve for 20 volts per mil is about 
the same in the 2 cases. The power factor voltage curves 
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at 80 degrees centigrade for oxygen are of uniform shape 
and progressively higher with time. Those for air show 
some irregularity, but at first become lower, and finally 
only become higher with time. The constant values at 
20 degrees to 25 degrees after the oxidation runs are sub- 
stantially the same. The power factor by layers after 
oxidation shows only small variations, with little evi- 
dence of increase at the electrodes. All of these facts 
indicate superior impregnation for the oxygen sample, 
probably due to its greater solubility in the oil. 
Penetration into the pores of paper is not as complete 
for the air sample and thus the capacitance is lower. For 
the same reason the ionization factor, and power factor- 
voltage curves are higher at the start, then decrease with 
slow improvement of oil penetration, and then increase 
again as the slow increase of oil conductivity due to oxida- 
tion makes itself felt. On dismantling the air sample 
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Figure 21. Power 
factor-voltage 
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after the oxidation test, a few tiny bubbles of gas were 
evident in the paper layer next to the high voltage elec- 
trode, but in no other layers, and this may account for the 
slight rise in power factor for layer 1 seen in figure 24. 
In general it may be said that the sample impregnated in 
oxygen is superior to that impregnated in air, in the matter 
of impregnation, and shows no evidence of more rapid 
deterioration in the accelerated oxidation tests. 

Impregnation in Nitrogen at 10 Centimeters Pressure. 
As a check to the deductions made from the results of the 
one-millimeter air test, a test was made using nitrogen at 
10 centimeters of mercury pressure, for oil saturation and 
for impregnation. Figure 25 shows the variation of 
capacitance and of power factor over the duration of the 
test. On both curves the dotted lines give the measured 
values, and the full lines the trend of the average values. 
The values shown are for a stress of 20 volts per mil, and 
it was found that at this low and constant value neither 
capacitance nor power factor showed any tendency to 
change. However, power factor-voltage runs at inter- 
vals, up to 150 volts per mil, always resulted in a large 
increase followed by decrease to steady values at 20 volts 
per mil. The general sequence of these changes is indi- 
cated in the dotted lines of figure 25. 

The decrease of the ionization factor, figure 26, and the 
continuous fall of the position of the power factor voltage 
curve with time, figure 27, are clear evidence of delayed 
impregnation. Power factor values at the end of the test 
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are generally of the same values as found in the one- 
millimeter oxygen test, showing the inert property of 
nitrogen and the very low oxidation activity at one milli- 
meter oxygen content. The high position of the initial 
power factor-voltage curve is probably due to free nitro- 
gen and gaseous ionization; small bubbles of gas were 
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found in the paper layers next to the electrodes but not 
elsewhere. Increasing the gaseous ionization by increase 
of voltage, seemed to stimulate the impregnation process, 
figure 25. The gas at the electrodes apparently also ac- 
counts for a slightly increased power factor (0.0032) of 
the paper layers next the electrodes, as compared with the 
approximately constant value (0.0028) of the interior 
layers. 

It will be noted that the behavior of the one-millimeter 
air specimen presents several of the features of this speci- 
men heavily saturated with nitrogen; for example, initial 
decrease in ionization factor, initial fall of position of suc- 
cessive power factor-voltage curves. There is a distinct 
indication that the nitrogen is playing its part in the one- 
millimeter air specimen. 

Properties of Oxidized Oil. After each test the oil was 
drawn off the specimen and electrical measurements made 
on it. Thus there were available a series of oils oxidized 
for approximately 200 hours at 80 degrees centigrade in 
the presence of brass and paper, but at different constant 
amounts of contained free oxygen indicated by 0.013, 0.70, 
1.40, and 10.4 per cent, respectively, of the constant volume 
of oil. The power factor-temperature curves of figure 28 
and the power factor-voltage curves at 80 degrees, figure 
29, show the relatively small difference in power factor 
over the range, pure oil—one millimeter—5 centimeter 
oxygen content, the rapid increase above 5 centimeters 
and the slower rate of rise toward 76 centimeters. The 
power factor-voltage curves of these deteriorated oils at 
20 degrees centigrade were all found to be perfectly flat 
up to 60 volts per mil, but at 80 degrees centigrade all 
show the rising characteristics of figure 29, that is, some 
form of internal liquid ionization which increases with 
stress. The explanation is not obvious; possibilities in 
the order of their probability would appear to be increased 
ionic mobility, increase in free ions liberated during the 
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process of oxidation, and increased ionization by collision 
with increasing stress. The concurrent dominating in- 
fluence of temperature is shown by the flat power factor- 
voltage curves at 20 degrees for all samples. The elec- 
trical characteristics of the deteriorated paper samples 
follow the same general trends as those of the oil with- 
drawn from them, indicating clearly the influence of 
the oil on the characteristics of impregnated paper. 
Influence of Brass and of Paper on Oil. It has been as- 
sumed in the foregoing that the small increases in power 
factor found in the tests of the sample having one 
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Figure 25. Power factor and capacitance-time 


millimeter oxygen content were due to oil oxidation. 
However, during these tests the oil is in contact with both 
brass and paper and it remains to be seen whether or not 
these elements have any effect on the pure oxygen-free 
oil. In order to obtain a quantitative answer to this ques- 
tion, 3 identical pure samples of oil were prepared and 
heated for 48 hours at 80 degrees centigrade under the 
following conditions: (1) oil alone; vacuum 0.1 milli- 
meter; (2) oil plus 800 square inches of paper; vacuum 
0.1 millimeter; (3) oil plus 40 square inches of clean sheet 
brass; vacuum 0.1 millimeter. The heating took place 
in a Pyrex glass flask and before the oil was admitted 
paper and brass were given thorough degassing and dehy- 


Whitehead, Jones—Oil Oxidation ELECTRICAL ENGINEERING 


7 : 


drating treatments at 105 degrees centigrade and 0.1 milli- 
Imeter vacuum. At the end of each test the sample was 
cooled to room temperature, then placed in the test cell 
and a power factor-temperature run made. The results 
of the 3 tests are given in figure 30 (which also shows re- 
sults of a similar test on the oil drawn from the 10-centi- 
meter nitrogen sample after the deterioration test). 

We note from figure 30 that in these 3 identical tests, 
contact with paper and contact with brass have each 
caused an increase in power factor over the values found 
for oil alone, end that these increases are greater with 
increasing temperature. These increases are thus not 
due to oxygen in the oil, and if due to oxygen at all it can 
only be that absorbed in the metal and on the surfaces of 
the paper fibers. The values of power factor at four 
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temperatures are given in table IV. The fourth line, 
“brass and paper” is gotten by adding to the values for 
pure oil the increases in power factor caused by paper and 
by brass separately. As seen the values obtained by this 
simple approximate method of computing the joint total 
effect, agree closely with the measured values on the 
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one-millimeter oxygen sample. In other words, in the 
latter sample contact with paper and brass alone are 
sufficient to account for the observed values; the small 
amount of oxygen present in the one-millimeter oxygen 
sample, in spite of the high temperature, 80 degrees centi- 
grade, appears to play no part in the observed increases in 
power factor. 

Ionization in the Process of Oxidation. Oxidation is very 
slow at 25 degrees centigrade; power factor voltage curves 


Table IV. Power Factor 


20 Deg. C. 40 Deg. C. 60 Deg.C. 80 Deg. C. 
Pure Ol ais se sialetare ee a's stein 0.00040..... OFO0OT Gis 0.00150..... 0.00300 
PIGS DRADER en coe cicores cies 0.00040..... 0.00086..... 0.00180..... 0.00390 
PIaa brassysoc ch sere see uer 0.00044..... 0.00095..... 0,00220..... 0.00480 
Brass plus paper.......... 0.00044..... 0.00105..... 0.00250..... 0.00570 


One-millimeter sample..... 0.00044..... 0.00100..... 0.00240..... 0.00545 


at this temperature for the whole range of oxygen satura- 
tion are flat and power factor values for oxygen saturation 
at 76-centimeter pressure are only about twice those at 
one millimeter. On the other hand, these differences are 
greatly increased as the temperature rises, as seen in figure 
18. At low saturation (one millimeter and 5 centimeters) 
the power factor increases linearly with temperature, 
indicating increasing conductivity, and possibly a linear 
oxidation increase. However, for higher oxygen contents 
something else is going on as indicated by the more rapid 
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rise of power factor with temperature. At 80 degrees 
the power factor of the 76-centimeter sample is now eight 
times that of the one-millimeter sample. These varia- 
tions strongly suggest that the process of oxidation itself, 
as well as the oxidation products, contribute to the 
measured value of power factor. In order to test this 
question a sample of oil was thoroughly purified and de- 
gassed; then saturated with oxygen at 76 centimeters 
pressure, and maintained at this pressure and at 80 degrees 
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centigrade for 65 hours in a glass vessel. It was then ad- 
mitted to the test cell under the same conditions, and 
the power factor measured at intervals over a further 72 
hours. The sample was then evacuated down to 0.2 
millimeter of mercury pressure, thus drawing off the 
oxygen and volatile oxidation products. Power factor 
observations were continued over a further 55 hours. 

The results are shown in figure 31. Initially, the pure 
oil had a power factor 0.003 at 80 degrees; saturated with 
oxygen at 76 centimeters pressure, after 65 hours at 80 
degrees centigrade in a glass vessel, the value rises to 0.01. 
At this value it was introduced into the power factor test 
cell. As seen from the curve a very much more rapid 
increase of power factor sets in. This is due to the cata- 
lytic action of the brass electrodes. The initial rate of 
rise is not maintained, however, and the power factor- 
time curve seems to be approaching a constant value. 
At 72 hours oxygen and volatile products were removed; 
the power factor dropped rapidly and within a short time 
reached a steady value about 25 per cent lower. 

Evidently oxidation in the oil causes 2 types of power 
factor increase, one a permanent change due to non- 
volatile products, as indicated in the final steady value of 
figure 31, and the other due to ions liberated in the process 
of oxidation, or to an ionized condition of the volatile 
oxidation products. This second source of ions disappears 
in the absence of free oxygen. It is known that oxidation 
may be accelerated by electrochemical processes,?’ indi- 
cating that the ions involved in oxidation reactions are 
associated with the conduction current. Apparently we 
have something of this kind here. 

Power factor-voltage curves taken before and after 
the oxygen is removed indicate that both elements of 
power factor increase with increasing stress. Apparently 
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the volatile active oxidation ions move faster, or cause 
more ionization by collision, as the stress increases. The 
rise of power factor due to the nonvolatile ions has been 
discussed in an earlier paragraph. 

Catalytic Action of Brass. The catalytic action of cer- 
tain metals in accelerating oxidation in oils is well 
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known???8 though few quantitative studies have been 
reported. Copper and brass are among the most active 
metals, and consequently the problem of restricting oxida- 
tion in insulating oils is not only that of selecting oils 
inherently most highly stable against oxidation, but of 
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basing this selection on the behavior in the presence of 
copper. For the contact of insulating oil with copper con- 
ductor, or other metal is unavoidable. 

In the present work all electrical measurements have 
utilized brass electrodes. The resulting accelerating in- 
fluence on oxidation has been evident at several points; 
for example, the more rapid rise of power factor-tempera- 
ture curves of the samples containing more oxygen, figure 
18. (Note however the apparent absence of the effect at 
low oxygen content.) In order to obtain evidence of the 
relative importance of the effect, oxygen absorption tests 
were run on 2 identical samples of oil, one containing 
65 square centimeters of clean sheet brass. Each 1,000- 
cubic-centimeter sample of degassed oil was placed in a 
2,000-cubic-centimeter glass suction flask exposing a sur- 
face arc of about 108 square centimeters of oil, The 
pressure was reduced to 0.1 millimeter, temperature raised 
to 80 degrees, and dry oxygen admitted at 76 centimeters 
of mercury pressure; the oxygen was maintained at this 
pressure and the amount entering each flask was measured 
at intervals. This amount is a measure of the oxygen 
entering into chemical combination. The results are 
shown in figure 32. The rate of absorption in both cases 
is at first quite rapid, and this probably represents solu- 
bility rather than oxidation. There is also some sug- 
gestion of an induction period, or delay in the final pro- 
cess, between 30 and 60 hours. The period beyond 150 
hours probably best represents the relative rates of oxida- 
tion. As seen it appears that the oil alone is approaching 
a stationary or saturated condition with no further oxida- 
tion. The sample containing brass, however, is still ab- 
sorbing oxygen rapidly indicating continuous auto-cata- 
lytic oxidation. 

The general trend of the power factor-time curves of 
paper impregnated at high oxygen content, is much the 
same as the upper curve of figure 32. Other results, 
for example the higher power factors of paper layers next 
the electrodes, also indicate the powerful influence of the 
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brass electrodes, in the presence of appreciable amounts 
of oxygen, on the rates of oxidation, and consequent 
changes in electrical properties. The results throughout 
therefore involve not only oil oxidation, but especially oil 
oxidation in the presence of a metal catalyzer. This, 
however, is essentially the condition prevailing in practice. 
The separate influence of the oil alone is evident in several 
studies, but in view of the above facts, becomes of lesser 
terest for the practical problem. Further studies of 
autocatalytic action will be essential for complete under- 


Yonclusions 


Accelerated oxidation tests have been made on an 
insulating oil, with oxygen introduced over the range 
0.013 to 10.4 per cent, by volume. Similar tests were 
made on wood pulp paper impregnated with the oils with 
oxygen content maintained. The outstanding conclusion 


Figure 32. Oxy- 
gen absorption- 
time showing the 
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brass 
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_ of the work is the relative unimportance (over the duration 
of the tests—200 hours at 80 degrees centigrade), of small 
amounts of oxygen as a cause of change of electrical 
properties. 


1. At impregnating pressures up to 5 centimeters of oxygen (0.7 
per cent volume content) the electrical properties of impregnated 
paper show little or no instability due to oxygen content. 


2. Power factor values and changes found in specimens impreg- 
nated in oxygen at one millimeter pressure, are completely accounted 
for by changes in the oil due to contact with paper and with metal 
electrodes in practically complete absence of oxygen. 


3. Impregnation in oxygen at one millimeter pressure results in 
better characteristics than impregnation in air at the same pressure 
apparently due to the greater solubility of oxygen than of nitrogen. 


4. A critical range of impregnation pressure is found between 5 
centimeters and 10 centimeters (0.7 to 1.5 per cent volume content of 
oxygen). Power factor values increase rapidly with oxygen content, 
and also with time. Beyond 10 centimeters the rate of these changes 
falls off; at 76 centimeters a saturation condition represented by 


constant high values is indicated. 


5. The process of oxidation in oil is a source of increased liquid or 
gaseous ionization, and of consequent increased dielectric loss in 
both oil and impregnated paper. Withdrawal of oxygen and 
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volatile products causes large and immediate reduction of power 
factor. 


6. Rising power factor voltage curves are found for all oil and 
impregnated specimens at 80 degrees. The rise is more rapid in 
specimens in which oxidation is in progress than those from which all 
gas has been withdrawn after oxidation. All such curves are flat up 
to 150 volts per mil at 25 degrees centigrade. 


7. The change of power factor with temperature above 30 degrees 
centigrade is the most sensitive indicator of oxidation—better, for 
example, than the power factor-voltage relation. 


8. Oxidation and deterioration of the oil is greatly accelerated by 
the catalytic action of brass. The behavior of impregnated speci- 
mens may be largely influenced by this effect, 


9. Power factor tests of paper layers following oxidation runs show 
no increase in layers next the electrodes in the one-millimeter speci- 
mens, a very slight rise for the 5-centimeter specimens, and a definite 
rise above average values only for oxygen contents above 0.7 per 
cent by volume (5 centimeters pressure of oxygen impregnation). 


10. The evidence of these tests is that the continued process of 
oxidation rather than the products of oxidation is the cause of oil and 
paper deterioration. Small amounts of oxygen either combine or 
go into solution without serious impairment of electrical properties. 
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The Saturated 
Synchronous Machine 


Discussion of a paper by B. L. Robertson, 
T. A. Rogers, and C. F. Dalziel published 
in the July 1937 issue, pages 858-63, and 
presented for oral discussion at the electrical 
machinery session of the Pacific Coast con- 
vention, Spokane, Wash., September 2, 
1937. 


R. H. Park (The Calco Chemical Company, 
Inc., Bound Brook, N. J.): The follow- 
ing analysis of saturation phenomena which 
was worked out by the writer a year or so 
ago in an effort to develop a simplified yet 
adequate theory of saturation effects in 
salient-pole synchronous machines is sub- 
mitted as discussion of Messrs. Robertson, 
Rogers, and Dalziel’s paper with the thought 
that they or others may care to check ex- 
perimentally the theoretical developments 
presented. 

It should be unnecessary to point out that 
any useful theory must represent a good 
compromise between precision and con- 
venience, and with this thought in mind it is 
believed that we are warranted in consider- 
ing the usefulness of the assumption that the 
field pole tips and faces of salient-pole ma- 
chines may be regarded, for purposes of cal- 
culation as not being subject to saturation 
effects, despite the fact that we recognize the 
fact that in many cases pole-tip saturation 
effects do exist to an at least appreciable 
extent. 

With this assumption which will be 
utilized in what follows, and the further 
rather implied assumption that there is no 
significant saturation in the quadrature 
axis, we note that whatever the field below 
the pole faces there will be a definite mag- 
netic potential between adjacent pole faces 
and that the magnetic field in the air gap 
will be the same as it would be if the rotor 
were unsaturated and the field current had 
some appropriate value say J different from 
its actual value with saturation which we 
will designate as Is. 


Now as to the effects of stator saturation 
we may note that these may be thought of as 
equivalent to introduction into an un- 
saturated stator of suitable counter mag- 
netomotive forces arising where the stator 
flux density is a maximum and producing 
a resultant distortion of the stator and air- 
gap fluxes relative to what would other- 
wise obtain. 

We shall at this point introduce the postu- 
late that the effect of this counter magneto- 
motive force may be regarded with sufficient 
accuracy as being equivalent to the effect 
of an added space fundamental component 
of armature current say is. where 


i; = actual (space vector of) armature 
current 
t = equivalent wumsaturated armature 
current 
a 1s ar 1 ¢ 
Thus we will have 
I;, = saturation component of field cur- 
rent 
= J,—f (1) 
ts; = saturation component of armature 
current 
= i- i, (2) 


Evidently by virtue of our definitions of J 
and i they must specify the magnetic state 
of the air gap, and hence the torque, these 
being what would obtain with these cur- 
rents and no saturation. 

As a consequence of our postulates we 
note that Js, must depend wholly on the 
value of flux in the pole, hence only on J 
and 7g, ie., in general J = funct (J, 7g) 
where the function in question may be 
specified in terms of a series of zero-power- 
factor curves. 

But also the fluxes emanating from the 
pole face and between the pole tips tend to 
be substantially linearly related to J and 
tq While there will be a general tendency 
for the fluxes emanating below the pole 
tips to be proportional to J, and hence 
there will be a tendency for Js, to be ex- 
clusively a function of a linear function of I 
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and ig, i.e., it will be approximately true 
that 


Ise = F(®) (3) 
where 
& = effective per unit field flux 
= I — kig (4) 
= Wa + Xpsta 
k = aconstant 


xfs = Xd — k 
= field saturation reactance 


As regards the saturation component of 
armature current, in a stationary armature 
machine this may be assumed to be asso- 
ciated and in space phase with a flux ¢ 
which is intermediate in size and phase 
between the space fundamental armature 
flux linkages and the air gap flux y + 
xjt; so that we may assume in general that 


isc = f(@) (5) 

where 

@ = effective per unit armature flux 
=ywt Xasts 

Xas = armature saturation reactance (6) 


though for most practical purposes it is 
possible that we could assume x = 0 
with little error. 

Evidently the character of the functions 
F and f may be determined by tests re- 
spectively at high field, low terminal voltage, 
and low field high terminal voltage and the 
results so obtained utilized for computing 
excitation under any arbitrary head condi- 
tions. 


Just as we recognize that @ is nearly 
equal to y so we may readily recognize that 
® will be nearly equal to the field linkages 
W = va + xa’'ta, so that it would be ex- 
pected that xy; is approximately equal to 
xq’. Actually xys must exceed the satu- 
rated value of xg’ at any value of ® since 
if 7g is varied so as to hold ¥ constant it will 
be evident from a consideration of the 
detail flux conditions in the pole that Ig, 
will increase as J increases. 

Since xq’ is known to vary considerably 
with saturation the suggestion is clear that 
xy; May and in fact should be assumed, 
in general, to vary with saturation. Thatis, 
we may take x; = funct (®), a procedure 
which at once increases the range of validity 
of equations 3 and 4. Obviously xs 
could also be treated as a function of 
saturation. However this would appear 
to be an unnecessary refinement. 

Tests to determine the variation of xj, 
with saturation are easily carried out by 
simply comparing the no-load and full- 
load saturation curves, after making al- 
lowance for stator saturation, and we see, 
therefore, that to the extent that stator 
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saturation may be ignored xyz is in reality 
identical with Potier reactance. This dem- 
onstrates that in general Potier reactance 
must tend, except for the effect of stator 
saturation, to equal and in fact to exceed 
transient rather than leakage reactance a 
fact which seems to have frequently escaped 
recognition. On the other hand Potier 
reactance, as ordinarily defined, is not iden- 
tical with xys since it does not make al- 
lowance for stator saturation, a circumstance 
which is believed to account in the main for 
the very large variations with saturation at 
high values of armature voltage which were 
reported in a recent paper by March and 
Crary. 

To show an application of the theory de- 
veloped we may note that under ordinary 
load conditions it does not appear that 
armature saturation of revolving field syn- 
chronous machines is of great influence on 
stability, and that in any case, if we dis- 
regard armature saturation, the steady 
state coefficient of synchronizing torque 


where 


6 = displacement angle 


T = per unit torque 


= toWa ae tag = tol StS Xg)tatg (7) 


is 
. al weds 
T; = "a5 ae {I — (xa — xia} ms — 
. di 
(xa — X)tg = (8) 


But for a machine connected to an infinite 
bus of voltage e (external impedance in- 
cluded in machine constants) there is 


(r? + xgxg)ia=X_(I — e cos 8)—resin’ (9) 
(r? +. %qxq)ig=r(I — e cos 5) + xge sin 6 


while since J; is assumed constant 


Gate 
dé dé 
_ [M8edl , Betiel — Gg 
ol dé O%q dd 
dia 
ee ——— 
dé 
where 
Oligc 
a ee (11) 
oe OL se 
ol 
Then if we introduce the quantity 
Xas = Saturated synchronous reactance 
= xXxg-—a 
we find after some transformations 
dig _ e(x)g sin 6— 7 cos 4) (12) 


dé r? + XasXq 
dig re sin 6 — Xase cos 6 
dé r? + XasXq 
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results which in conjunction with (8) and 
(10) permit ready evaluation of Ts for any 
value of 6. 


For r = 0, for example, we find in detail 
Iecos& xg — 


eT EE cs 
é* cos 26 + 
Xa XaXq 


1 Os 


oi Rel e* sin? § (13) 
Xaxds 
only the first 2 terms of which are retained 
in the absence of saturation. 
In the special case in which Xp iS as- 
sumed constant we have from (3) and (4) 


OT se 
—= F(@ 
ar (®) 
Ose ; 
oe —(xa — xy) F'(®) 
an te = nF) 
1+ F’(®) 
which as saturation is sufficiently increased 
approaches in the limit @ = xg — xy, 
corresponding to Xgs = Xys. 


Surge Protection 
of Distribution Systems 


Discussion and authors’ closure of a paper by 
J. K. Hodnette and L. R. Ludwig published 
in the June 1937 issue, pages 683-8, and 
presented for oral discussion at the lightning 
protective equipment session of the summer 


- convention, Milwaukee, Wis., June 24, 1937. 


Herman Halperin (Commonwealth Edison 
Company, Chicago, Ill.): I presume that 
the upper of the 2 curves marked C in 
figure 2 is for deion gaps and the other 
curve is for arrester gaps. Do the char- 
acteristics in figure 2 hold substantially 
for all voltage ratings? 

Over 90 per cent of our 4,000-volt over- 
head distribution system has solid inter- 
connections between the neutral of the 3-kv 
arrester and the secondary neutral, which is 
grounded to water pipes on the customers’ 
premises. As a safety measure, the trans- 
former case is not grounded. Our experi- 
ence is that about one-quarter of one per 
cent of the transformers fail annually due 
to lightning even with this interconnection. 
Most of these are in older transformers, 
but occasionally a modern one fails. This 
experience tends to create some doubt in 
our minds as to the possibility of obtaining 
a comparatively high degree of protection 
if protector tubes with initial discharge 
voltages of 9 times normal voltage were 
used in place of the arresters that discharge 
at much less than half those values, except 
as applied to specially designed transfor- 
mers. 

Referring to the authors’ expectation 
that the maxinium surge currents on dis- 
tribution lines ‘‘would be of the same order 
as those obtained on high-voltage trans- 
mission lines,’ this is not confirmed by 
measurements of arrester discharge cur- 
rents, using surge crest ammeters. We 
have installed surge-crest-ammeter links 
in the ground lead of 3-kv arresters at about 
320 scattered locations over the city of 
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Chicago. During the years 1934-36 the 
links indicated sizable arrester discharge 
currents in 121 cases. In most cases the 
currents were less than 1,000 amperes, in 
44 cases the currents were between 1,000 
and 5,000 amperes, and in 6 cases the cur- 
rents were from 5,000 up to 9,000 amperes, 
the maximum value. 

Referring to the third paragraph of page 
685, a few recent measurements in Chicago 
have indicated roughly the same order of 
surge current through adjacent phase and 
neutral arresters, indicating that the light- 
ning discharge current divides rather evenly 
through several arresters that may be in- 
stalled at one location on a 3-phase over- 
head line or circuit. 

The arrester manufacturers have found 
from laboratory tests that modern dis- 
tribution arresters can withstand surge 
currents greatly above 5,000 amperes, and 
this is substantiated by operating experi- 
ence. It is gratifying, however, to learn 
of the authors’ development of a device 
that can withstand successfully surge cur- 
rents of the order of 50,000 amperes. 


W. H. Cooney (General Electric Com- 
pany, Pittsfield, Mass): The authors have 
outlined in a very comprehensive manner 
the surge voltages and currents which may 
be expected on distribution circuits and 
their views as to the requirements which 
protective devices must meet in order to 
provide a good quality of service. 

The time-voltage curves shown in figure 2 
are very interesting. Although it is not 
definitely stated, it appears that curve A 
on the “breakdown characteristics of dis- 
tribution transformer insulation” is on a 
“single shot’ basis, since curve B shows the 
probable voltage levels at. which deteriora- 
tion of insulation begins with repeated im- 
pulses. At one microsecond curve A 
shows a breakdown strength about 27 per 
cent higher than at 2.5 microseconds, a 
greater increase of strength with decrease 
of time than that shown by Messrs. 
Bellaschi and Teague,! but of about the 
same order as that shown by V. M. 
Montsinger? in. his discussion .of the Bel- 
laschi and Teague paper. 

The probable voltage level at which de- 
terioration begins is shown by the authors 
as curve B, which is 90 per cent of curve A 
for time greater than 2 microseconds. This 
may be compared with Montsinger’s dis- 
cussion? which showed a corresponding rep- 
resentative value of 80 per cent, with a 
variation from 70 to 90 per cent depending 
on the kinds of electrodes used in the tests. 
It should be noted that the authors’ curve B 
at one microsecond has dropped to 83 per 
cent of curve A. 

Considering all data at present avail- 
able, it appears that a deterioration level 
of 90 per cent is somewhat optimistic and 
that the probable value lies nearer 80 per 
cent. 

The authors refer again to a ratio of im- 
pulse crest to 60-cycle crest breakdown of 
2.2. Montsinger? has shown that such a 
ratio may range between 1.75 to 2.2 (de- 
pending on the type of electrodes) for re- 
peated impulses, a variation sufficient to 
indicate that the ratio is a band rather 
than a definite value. In addition, now 
that data have been presented showing an 
increase of transformer insulation impulse 
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strength below 2 microseconds, a so-called 
impulse ratio has even less significance. 

It would appear from figure 3 and from 
Mr. H. M. Towne’s comparison of pre- 
viously published Deion gap data with the 
data in figure 2 and table 1, that the authors 
consider satisfactory a very small margin 
between the performance of the protective 
device and the demonstrated strength of 
the transformer. While protection can be 
demonstrated by an AIEE impulse test 
with a new transformer it is doubtful 
whether this initial margin will be ade- 
quate for the deterioration due to repeated 
impulses and other conditions of service. 
The authors show that at one microsecond 
(figure 2) the deterioration level is 83 per 
cent of the impulse breakdown strength. 

While a properly maintained and pro- 
tected transformer should retain its initial 
impulse strength indefinitely in service, 
past experience has indicated that deterio- 
ration may occur on some percentage of 
distribution transformers in service. Some 
operating companies have recognized this 
fact by applying to transformers taken out 
of service only about 65 to 75 per cent of 
the original factory high-potential test. 

It is not generally considered economi- 
cally feasible to give distribution transfor- 
mers the degree of maintenance and in- 
spection given to substation and power 
transformers. As a result, some portion 
of the transformers in service may have low 
oil levels, thus exposing parts which are de- 
pendent on oil for full insulation; water 
may enter even into sealed transformers 
due to failure to close covers tightly after 
opening for inspection, tap change, etc.; 
and excessive overloads may be carried to 
the point of carbonization of insulation. 
Any of these factors tend to lower the im- 
pulse strength of the transformer. 

In order to avoid trading on the margin 
of strength above the demonstrated value 
it would seem essential to provide a wide 
margin between the demonstrated impulse 
strength of the transformer and the vol- 
tage levels permitted by the protective de- 
vice, in view of the effect of repeated im- 
pulse voltage and the possibility -of de- 
terioration of impulse strength in service. 
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L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Baltimore, Md.): In reference to section 
4 on normal frequeny requirements of 
lightning protectors, it is believed that the 
lightning arrester designer should give the 
operator applying lightning arresters ac- 
curate data based upon numerous tests of 
the actual cut-off of the arrester. While 
it is the practice of the manufacturers to 
rate arresters in terms of maximum 60- 
cycle voltage which can be applied to the 
arrester, this voltage rating is below the 
actual maximum cut-off voltage of the ar- 
rester by some margin of safety. Unfor- 
tunately the margin of safety assumed by 
the various designers is extremely vari- 
able. It is believed that this margin has 
gradually been reduced in recent years by 
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most arrester manufacturers. For this 
reason it is quite important that operating 
engineers applying arresters have definite 
test data showing the actual maximum cut- 
off voltage of the arrester. 

As an example of the need for this in- 
formation, the operating company may 
have used arresters of a certain rating on 
their system for a number of years with 
satisfactory results and it may be that the 
particular arrester on which the operating 
results were obtained had a considerable 
margin between its rated voltage and the 
maximum cut-off voltage, which margin 
may have contributed to the satisfactory 
operation of the arrester. Based upon this 
operating experience arresters of another 
type having a reduced margin of safety 
may be installed and arrester failures result, 
due to inability of the arrester to cut-off. 
In view of the fact that the characteristics 
and possible overvoltages vary with differ- 
ent systems and are not consistent for vari- 
ous lines on a given system, it is quite es- 
sential that the operating engineers have 
complete information on arrester char- 
acteristics so that they can apply arresters 
intelligently. 


H. M. Towne (General Electric Company, 
Pittsfield, Mass.): The authors have pre- 
sented a very interesting paper on a vitally 
important subject. The adequate pro- 
tection of distribution systems from light- 
ning has been given quite thorough study 
over the past 10 years, and practical op- 
erating benefits from these studies have 
been pyramiding over several years. 

The problem of protection of distribu- 
tion transformers involves many impor- 
tant aspects. First, the protective scheme 
must be simple and economical. Second, 
the degree of protection should be liberal— 
allowing ample margin between the dis- 
charge level of the protective device and 
the impulse strength of the transformer 
insulation after years of service involving 
the usual influences of excessive overloads 
such as possible carbonization and release 
of water; poor oil, or other weakening of 
insulations; moisture; any of which may 
occur on. a percentage of transformers in 
service. Third, this liberal margin of 
protection should be realized as far as pos- 
sible under the rare cases of steep wave and 
high-current lightning discharges, without 
sacrificing too greatly in the protection 
level or other factors of security for the 
greatly predominant, year in and year out, 
nominal discharge duty. Fourth, the over- 
voltage protection should not interfere with 
conventional and recognized good practices 
in primary fusing and overcurrent pro- 
tection. Fifth, the lightning protective 
device should function so as to minimize 
any hazard of primary power voltage and 
current on the secondary or consumer’s 
circuit—i.e., afford the greatest possible 
preservation and protection to that trans- 
former insulation which separates the low 
voltage consumer circuit from the danger- 
ous high voltage primary circuit—and 


minimize the primary power voltage or’ 


current reaching the secondary circuit at- 
tending the discharge of the primary light- 
ning protective device. 

Considerable has been written about the 
desired level of protection to allow for 
various factors not always present in lim- 
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ited laboratory demonstrations. In the 
August 1929 Electric Journal, A. L. Ather- 
ton stated: 


“The criterion should be not merely that a com- 
plete failure is not brought about by a single appli- 
cation of surge voltage, but that no damage is 
done,” “Tests have been made... using surge 
voltages covering a wide range of both magnitude 
and duration, using a variety of insulating materials 
and making literally millions of observations as a 
means of securing both limiting and average values 
to cover the variations which are inevitable in small 
insulation samples. The indications are that the 
damage to insulation begins at possibly 2.5 times 
the value which would be used at line voltage, 
taking into account the factors of safety normally 
used in apparatus design for 60-cycle strength. 
Service experience where there has been opportu- 
pity to observe the lightning damage for several 
years unprotected and then protected has shown that 
about 90 per cent of the lightning damage is re- 
moved by this arrester (3-kv maximum arrester for 
2,400-volt circuits) having 3.5 ratio. The modified 
auto-valve arrester (also for 2,400-volt circuit pro- 
tection) with a ratio of 2.5 instead of 3.5... has 
been observed . . . after a few thousand arrester 
years service no case of apparatus damage has 
been recorded. . . . Service records have been made 
with average transformer installations, including 
beth old and new; and with various relations 
between transformer rating and line insulation.” 


In the AIEE paper “Development of 
the New Auto-valve Arrester’ presented 
in January 1930, the authors, Dr. Slepian, 
Tanberg, and Krause state: 


“Extended tests in the laboratory on insulation 
protected with arresters have indicated that there 
is probably no deterioration of insulation with 
arresters having ratios not exceeding 2.5.” 


In discussing lightning arresters in the 
February 1930 Electric Journal, Edward 
Beck states: 


“A good lightning arrester should have a ratio of 
not more than 4 to 1.”’... ‘‘In the new autovalve 
arrester, ratios of 2.5 and less are secured... .”’ 


Again, in the May 1930 Electric Journal, 
Dr. Fortescue discusses the general problem 
of protection and states: 


“Years of experience with . . . protective ratio 
between 3 and 3.5 have proved that approximately 
90 per cent of the lightning troubles .. . are re- 
moved. . . . Several thousand arrester years of field 
experience with arresters employing a protective 
ratio of 2.5 has not brought to light any failures of 
apparatus thus protected. This experience very 
strongly substantiates the conclusion . . . that the 
protective ratio of 2.5 is the ideal... . It is generally 
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accepted that fibrous insulation—which constitutes 

a large part of the insulation of the transformer— 

will in course of time deteriorate when subjected to 

surges above 2.5 times the rating repeatedly. If 

the surges do not rise above this value, the life of 
the transformer is indefinitely long.” 

In view of what was apparently a very 
extensive study of the fundamental behav- 
ior of apparatus insulations in general, in 
both laboratory and field, as evidenced by 
these fairly recent articles advocating not 
more than 2.5 to 1 ratio, it is somewhat 
difficult to reconcile the present statement 
by Messrs. Hodnette and Ludwig that “a 
high degree of protection is obtained with a 
ratio of protective device discharge to nor- 
mal frequency voltage of 9 to1.” To avoid 
trading on the factor of safety above the 
AIEE demonstrated test strength and also 
to allow for insulation deterioration which 
may occur over years of service due to the 
causes previously cited, it would seem that 
a much better degree of protection than 
9 to 1 is highly desirable. 

The authors’ curves, figure 2, do not 
permit a clear understanding of the co- 
ordination and margin of protection. As 
pointed out by the authors, knowledge of 
the insulation strength of transformers to 
impulse voltages is necessary to intelli- 
gently co-ordinate and successfully apply 
protective devices. Since the curves are 
all to a percentage ordinate, it is difficult to 
gain the relationships on a kilovolt basis, 
utilizing the known demonstrated strength 
of the transformer insulations. One ap- 
proach to the co-ordination picture is to 
start out with the demonstrated impulse 
test voltage, which is all the purchaser of 
a transformer knows about its lightning 
strength. As shown in the authors’ table 
I, a purchaser knows that a 6,900-volt dis- 
tribution transformer will withstand the 
107-kv crest maximum test voltage of the 
AIEE standard impulse test for the 11/2 x 40 
full-wave condition. From this 107-kv 
full-wave test plotted at 6 or 10 micro- 
seconds, a curve for the short-time kilovolt 
strength of the transformer can be plotted 
using recently published data on the funda- 
mental impulse characteristics of combined 
solid and liquid transformer insulations. 

Messrs. Bellaschi and Teague have dis- 
cussed the short-time impulse breakdown 
strength of transformer insulations in their 
AIEE paper “Dielectric Strength of Trans- 
former Insulation’ published in the Janu- 
ary 1937 ELECTRICAL ENGINEERING. Their 
comprehensive investigation shows that 
the impulse breakdown strength of com- 
bined solid and liquid transformer insula- 
tion is but little, if any, higher for one-half 
microsecond to breakdown than at the full 
11/.x40 wave. They show average of 
tests to breakdowns on test samples, of 
300 kv at 0.35 microsecond; 300 kv at 
2.5 microseconds; and 280 kv at full 40 
microseconds, and they state ‘‘these tests 
for a large number of repeated impulses con- 
firm the constant strength over the impulse 
region even down to the very short times as 
previously established.” Their curves, fig- 


ures 6 (for insulation breaking down at- 


around 140-kv crest), and 7 (for insulation 
breaking down at around 220-kv crest), show 
that the impulse breakdown is flat from 
10,000 microseconds down to about 1 or 2 
microseconds and then turns up slightly with 
the breakdown at 0.5 microsecond being only 
12 to 16 per cent higher kilovolt value than 
for the full 11/.x40 wave strength. Apply- 
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ing these fundamental data by Bellaschi and 
Teague to the known 107-kv test, the ac- 
companying curve A, figure 1 is obtained, 
and such a curve should represent the light- 
ning strength for all waves and equivalent to 
the 107 kv highest demonstrated test on 
AIEE full 11/.x 40 wave. Whatever margin 
of safety exists between the 107-kv full-wave 
test and actual breakdown could logically 
be expected to exist for the short time 
equivalent portion of the curve. Such a 
procedure results in an impulse level below 
which lightning stresses should be limited 
to avoid encroaching or trading on the 
factor of safety above the known demon- 
strated strength of the transformer. 

While Messrs. Hodnette and Ludwig do 
not give an actual impulse volt-time break- 
down curve for the deion protector, such 
curves were given by Mr. Putman in the 
February 1937 Electric Journal. By add- 
ing Mr. Putman’s data for the discharge 
level of the 6,900-volt deion protector as 
curve B to the accompanying figure 1, it 
appears that the margin of protection to the 
insulation of a new 6,900-volt transformer 
is relatively small—unless the factor of 
safety in transformer insulation above its 
required AIEE demonstrated strength is 
quite wholly depended upon. 

The authors show in their figure 2 that 
insulation deterioration from repeated im- 
pulses alone begins at about 90 per cent 
of the 11/2 x 40 full wave strength, and they 
state that this factor is applicable to the 
figures in table I. Since table I highest 
test level of a 6,900-volt transformer is 
107 ky, the limit above which repeated im- 
pulse stresses might cause deterioration 
is 90 per cent of 107 or 96 kv. It would, 
therefore, appear that the 102-kv discharge 
level (Putman’s data) of the 6,900-volt 
deion gap would result in deteriorating 
stresses. 


In discussing the deion gap the authors 
state that a series resistor, is used to limit 
the magnitude of the large power follow 
current, but no data are given regarding 
the ohmic value. Apparently the pro- 
tection level of the device involves first the 
impulse breakdown voltage of the gap 
(Curve B of the accompanying figure 1) and 
then an JR voltage drop due to the discharge 
current through the series resistor. In 
evaluating the impulse protection level 
it is of course necessary to consider this 
IR drop which will exist as long as discharge 
current flows, which may be many micro- 
seconds. For instance, if the series re- 
sistance is 5 ohms, an JR drop of 100 kv 
will occur with a 20,000-ampere discharge 
current. A one ohm resistor would allow 
an JR drop of 50 kv at 50,000-ampere dis- 
charge current. On the other hand a one 
ohm resistor would seemingly be far too 
low to cause any appreciable reduction in 
the large power-follow current. Assum- 
ing a location of the transformer at a point 
on the feeder or branch circuit having a 
line to ground short-circuit current of 
1,500 amperes root-mean-square, the line 
impedance would be 6,900/1,500, or 4.5 
ohms, and a one-ohm resistor would only 
reduce the line to ground short-circuit 
power follow current through the deion gap 
from the 1,500 to 1,240 amperes root- 
mean-square. Similarly, if the transformer 
were located closer to the substation where 
a 3,000-ampere short-circuit current is 
available, a one-ohm resistor would only 
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reduce the short-circuit power-follow current 
from 3,000 amperes down to 2,100 amperes 
root-mean-square, Any 6,900-volt section- 
alizing fuse link up to 40-ampere rating 
will be melted in 1/2 cycle at approximately 
800 amperes root-mean-square. Then, as- 
suming as low as 1,500 amperes available 
line short-circuit current, it would appear 
that the series resistor would have to be 
at least 4.5 ohms to avoid blowing a 40- 
ampere sectionalizing fuse or 18.5 ohms to 
avoid blowing a 15-ampere sectionalizing 
fuse. The authors may be willing to state 
the ohmic value of the series resistor and 
clarify its effects. 

The curve C of figure 1 shows the dis- 
charge level and margin of protection which 
may be had with a typical 6,900-volt valve- 
type arrester applied with interconnection. 

Such a margin of protection avoids depend- 
ence on the undemonstrated factor of 
safety and also allows for the possible serv- 
ice conditions and abuses which over 
years of operation may depreciate the 
transformer-insulation below its demon- 
strable strength by AIEE test when new. 

The authors have cited considerable in- 
formation on discharge current require- 
ments of protective devices. Probably 
the most significant data on the required 
discharge capabilities of distribution sys- 
tem protective devices is the direct meas- 
urement of actual lightning current mag- 
nitude through individual distribution ar- 
resters on distribution systems of various 
voltage classes, by Mr. H. W. Collins, and 
also Mr. McEachron and Mr. McMorris. 
Out of 500 measurements, Collins found 
20,000 amperes to be the highest discharge 
current. McEachron and McMorris data 
over more than 2 years, involving about 
2,800 arrester-years of observation and 
about 1,000 measured discharges, shows 
only 2 discharges of 50,000 amperes, or 
0.2 per cent. This means one 50,000 am- 
pere discharge out of 1,400arrester years, and 
a probability of a single arrester receiving 
50,000 amperes discharge once in 1,400 
years. 99.8 per cent of the measurements 
were below 22,000 amperes, and about 
97 per cent were under 10,000 amperes. 
These data show that arresters with dis- 
charge capabilities of even 25,000 amperes 
will give highly satisfactory service per- 
formance, and that the authors’ conten- 
tion that 50,000 amperes discharge ca- 
pacity will give satisfactory results is quite 
conservative. It is particularly  signifi- 
cant that the highest measured discharge 
current has been proved to be well within 
the capabilities of available valve-type 
arresters such as the Pellet type; that is, 
modern arresters are withstanding the cur- 
rent magnitudes, current durations, the 
steep wave fronts, the multiple or repetitive 
stroke, the switching surges, etc., and giv- 
ing protection to very old as well as new 
transformers. 


While some types of earlier arresters gave 
some troubles from moisture, corrosion, 
etc., the modern arresters over the past 4 
or 5 years are demonstrating an extremely 
low mortality rate from all causes. 

The valve-type arresters, of course, dis- 
charge the short time lightning currents 
and at the same time prevent any danger- 
ous primary power follow current from 
reaching the transformer tank and low 
voltage secondary service. 

The authors’ paper is a definite contri- 
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formation of corona. Where the design is * 
such as to eliminate or minimize the for- | 
mation of corona, deterioration does not | 
occur, or the voltage at which it does occur — 
approximately coincides with the break- — 
down voltage. Corona under oil occurs 

at relatively high voltage stresses. The 

minimum voltage required to produce cor- | 


vices and distribution system protection 
have been obtained by field trials in the 
large metropolitan distribution systems. 
With the rapid expansion of distribution 
systems in rural areas these data are prov- 
ing inadequate. As was pointed out by 
Mr. F. E. Andrews, currents much in ex- 


bution to the subject of transformer pro- 
tection. It is obviously desirable that 
continued and concerted efforts be directed 
by the large manufacturers, as well as utili- 
ties, toward attaining a complete under- 
standing of lightning protection require- 
ments for virtually complete protection 


of distribution systems. 


C. S. Sprague (Purdue University, Lafa- 
yette, Ind.): The authors have presented an 
interesting summary of the range of light- 
ning exposures and of the characteristics 
of transformer insulation and of protective 
equipment under 60-cycle and impulse 
stresses. 

Curve D of figure 2 brings out the inade- 
quacy of the rod gap in protecting trans- 
former insulation in the range from 6,800 to 
13,800 volts. Apparently at still higher 
voltages the gap would be almost worthless 
for short-time impulses unless set at a con- 
siderably reduced spacing. 

In figure 3 the comparison between Deion 
gaps and valve-type arresters does not seem 
to be applicable unless interconnection is 
used with the valve-typearresters. If inter- 
connection is not used the effect of lead 
and ground impedance would be to ma- 
terially raise the upper limits of the band 
between the 2 curves D. Although the 
lightning arrester with interconnection, 
provides a considerably lower impulse 
voltage than the deion gap, it should be 
kept in mind that the duration of the 
wave is considerably longer with the valve- 
type arrester. 

At first glance it seems from figure 3, that 
the valve-type lightning arrester may pro- 
vide relatively greater protection, in spite 
of the authors’ closing statement that both 
types provide adequate protection as dem- 
onstrated by field records. This is par- 
ticularly noticeable in the 11,500 volt and 
the 13,800 volt range where the deion gap 
impulse break-down voltage (curve E) is 
quite close to the minimum impulse strength 
(curve C). By reference to curves A and B 
of the authors’ figure 2, it would appear 
that the voltage permitted by the deion 
gap is dangerously close to the value which 
will produce deterioration of the insulation. 
Perhaps the short duration of the voltage 
will account for the adequacy of protection 
claimed for the deion gap. 


J. K. Hodnette and L. R. Ludwig: Com- 
plete protection of distribution system 
and the apparatus connected to them is 
the aim and object of distribution engi- 
neers. The manufacturer contributes to 
this program by continually improving dis- 
tribution transformers and protective equip- 
ment, and by the accumulation of data on 
surge protection. It was the object of 
this paper to present data to enable a more 
intelligent use and application of distribu- 
tion equipment toward this end. Data 
has been presented on transformer insula- 
tion and lightning arrester requirements 
so that operating engineers could get a 
broader picture of this important problem. 

It has been pointed out in the paper that 
it is necessary to provide protection under 
the worst conditions which result from 
direct, or near direct, strokes of lightning 
rather than the average condition. In the 
past, much of the data on protective de- 


1506 


cess of those formerly expected appear on 
distribution systems relatively often as 
evidenced by damage to cutouts, insulators, 
and other equipment. In most cases evi- 
dence of direct strokes on distribution 
systems is centered about apparatus dam- 
age. This emphasizes the fact that it is 
the conditions of direct strokes, or near 
direct strokes, to the line rather than in- 
duced surges which result in the major dam- 
age to distribution systems. It is impera- 
tive, therefore, that the protective equip- 
ment be designed for the worst conditions. 
Field experience has indicated that it is 
necessary to have a discharge capacity of 
100,000 amperes to prevent damage from 
lightning. 

Figure 2 of the paper presents data on 
the impulse characteristics of distribution 
transformer insulation as compared to 
characteristics of protective devices. In 
view of the large amount of discussion on 
this subject further explanation of this 
figure is given. The data, from which 
curve A representing the breakdown char- 
acteristics of distribution transformer in- 
sulation was drawn, were determined by 
tests on actual distribution transformers 
and supplemented by tests with models. In 
comparing this curve with previously pre- 
pared data, it should be noted that the time 
lag is plotted from the start of the voltage 
wave instead of the time lag above the 60- 
cycle breakdown value which has been the 
conventional methodinthepast. Thiscurve 
was derived by applying impulse voltages 
and increasing them in steps until the 
transformer insulation failed. In this re- 
spect it is not a one-shot breakdown curve. 
Curve B was determined by applying im- 
pulse voltages slightly under the minimum 
strength and observing the effects. It is 
quite difficult to accurately establish val- 
ues at short time lags due to the fact that 
the testing technique for testing short 
waves has not been completely developed. 
Also the variation in individual samples 
may be misleading. Much data is nec- 
essary in order to completely establish a 
curve of this nature. Points that were 
determined were established by applying 
short steep-front waves to distribution 
transformers and chopping them by a gap 
flashover. Repetition of this process es- 
tablished points below which the insulation 
would not fail. 

With reference to the ratio between the 
impulse breakdown voltage, and the 60- 
cycle breakdown voltage, the ratio of 2.2 
applies to a well balanced insulation struc- 
ture. This value is generally applied to 
the ratio between the 60-cycle breakdown 
strength and the minimum impulse break- 
down strength. This ratio does not hold 
for all insulation structures but depends 
upon the type of insulation and the elec- 
trodes used. Values considerably lower 
and higher than 2.2 have been found on 
special insulation structures. The data 
in the paper, however, applies to distribu- 
tion transformers. 

Insulation deterioration under impulse 
voltages appears to be associated with the 
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ona is in general in excess of the operating 
and test voltages applied to distribution 
transformers as covered in the paper. For 
this reason deterioration of the insulation 
of distribution transformers by impulse 
voltages takes place very near the ultimate 
breakdown level. In this connection the 
tests made by Messrs. Bellaschi and Teague, 
referred to by Messrs. Towne and Cooney, 
were made on insulation structures for 
power transformers and under conditions 
which would permit the formation of co- 
rona. In this respect distribution trans- 
formers are in a class by themselves, and 
the laws applying to the insulation of high- 
voltage power transformers do not neces- 
sarily apply to distribution transformers, 
due to the discontinuous nature of insula- 
tion curves at short spacings. 

There is a decided difference in opinion 
among engineers regarding the deteriora- 
tion of insulation of distribution transfor- 
mers in service. Mr. Cooney states that 
a properly maintained and protected trans- 
former should retain its initial impulse 
strength indefinitely in service. We agree 
with this statement. Past experience, 
however, has indicated that the mortality 
rate of old transformers is higher than those 
that have been in service a few years. This 
has been due largely to the deterioration of 
bushings and cables. Previously it was 
common practice to depend upon the cable 
insulation to a large extent in insulating 
the primary leads from the transformer 
case. Exposure to weather reduced this 
insulation so that failure of the bushings 
resulted at a much lower value. The coils, 
however, being submerged in transformer 
oil and protected from moisture and oxygen 
deteriorated very little. Also, these trans- 
formers were so designed and protected 
that no protection was afforded the second- 
ary windings against overvoltage surges. 
Modern transformers are built with bush- 
ings of adequate size so that it is not nec- 
essary to depend upon the cable lead in- 
sulation, and balanced protection now 
prevents damage to the high-voltage as well 
as the low-voltage windings. 

Moisture in oil has often been referred 
to as the cause of deterioration of distri- 
bution transformer insulation. A large 
percentage of the distribution transfor- 
mers in service at the present time are op- 
erating with water in the bottom of the 
transformer cases. Modern distribution 
transformers are made tight which pre- 
vents the entrance of water and helps to 
protect the oil from excessive oxidation, 

Excessive overloads have been referred 
to as the cause of insulation deterioration 
and ultimate failure. The deterioration 
strength of transformer insulation does not 
materially decrease until the temperature 
is reached which produces a chemical change 
in the insulation. This is usually evi- 
denced by formation of gases. Sustained 
temperatures lower than this result in loss 
of mechanical strength but no rapid deteri- 
oration of the insulation. Thermal pro- 
tective devices are available for use in dis- 
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tribution transformers which will eliminate 
the possibility of damage from this source. 
These devices, in the form of thermally 
operated circuit breakers, are placed in dis- 
tribution transformers and adjusted so as 
to disconnect the transformer when the 
winding reaches a predetermined safe tem- 
perature. 

It is apparent, therefore, that a great 
deal has-been done in the design and con- 
struction of modern distribution transfor- 
mers to prevent deterioration of any of the 
vital insulation members even after many 
years of service. 

Until recent years, the accepted method 
of protecting distribution transformers 
against lightning was to connect lightning 
arresters to the primary leads and ground 
them to separately driven grounds. As 
pointed out by Mr. Sprague, the voltage 
to which the transformer was subjected 
was not only the discharge voltage of the 
arrester but the drop in the ground leads and 
in the ground resistance. Instead of limit- 
ing the voltage to 10 or 15 kv on a 2,400- 
volt transformer, it rose to 100,000 or 200,- 
000 volts or more, depending on the ground- 
ing conditions and nature of the surges. 
Experiments have indicated the possibility 
of developing as high as 10,000 volts per 
linear foot in lightning arrester leads. 

This represented the conditions in 1929 
and 1930, when the 4 papers were written 
which were cited by Mr. Towne. These 
papers indicated the ratio of 2.5 as being 
ideal, and above which deterioration began. 
In this connection it is interesting to note 
that the first attempt to rationalize trans- 
former insulation from the standpoint of 
surge voltages was made by Vogel in 1932 
(‘Factors Influencing the Insulation Co- 
ordination of Transformers,’’ ATEE TRANs- 
ACTIONS, volume 52, June 1932, page 411). 
Past experience with arresters having a 
ratio of 3.5 had reduced lightning troubles 
by 90 per cent. It is apparent that under 
the existing conditions it was only necessary 
to get more experience to determine that 
the ratio of 2.5 reduced the troubles due to 
lightning by only 90 per cent. The un- 
controlled factors were the dominating 
ones in 10 per cent of the cases. In other 
words, lightning arresters protected against 
small induced surges but offered no pro- 
tection against direct or near direct strokes. 
The introduction of balanced protection 
eliminated the uncertain factors of lead 
drop and ground resistance drop, and re- 
duced the problem of lightning protection 
toascientific basis. Wearestill confronted, 
however, with the problem of protecting 
apparatus against maximum conditions of 
surge voltages which have always been the 
cause of apparatus damage and system 
outages. This can be accomplished with 
protective devices, connected to give 3- 
point protection and having adequate surge 
current discharge capacity, which limit the 
voltage to a value below the breakdown 
strength of the insulation under all condi- 
tions. The curves in figure 3, assume 
this balance protection and show that the 
margin between the insulation Strength 
and discharge voltage is satisfactory. 
Laboratory tests under direct stroke con- 
ditions prove this fact (‘Direct Stroke Pro- 
tection of Distribution Transformers,” by 
H. V. Putman, Electric Journal, February 
1937). Field experience confirms it. ; 

It is difficult to compare a conventional 
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valve type arrester with the deion arrester 
since they have such widely different char- 
acteristics. The deion arrester is essen- 
tially an arc-discharge device which by- 
passes the surge current. The lightning 
arrester on the other hand, is an energy 
absorbing device depending on the energy 
to establish the cut-off voltage. Some 
lightning arresters have a resistance dis- 
charge characteristic so that the discharge 
voltage increases with increasing current. 
It is not possible to determine the maxi- 
mum voltage which would be sustained 
from the characteristics as determined by 
the relatively low AIEE test. The deion 
arrester, since it is an arc-discharge device, 
has a very low sustained voltage. It is 
equipped with a series resistor to prevent 
system disturbances in the cases when there 
is a flow of dynamic current following flash- 
over. This resistor adds little to the sus- 
tained voltage under abnormal conditions 
since it is provided with a shunt gap which 
flashes over at high surge currents remoy- 
ing it from the path of the surge current. 
Under these conditions the deionizing action 
set up by the surge current appeases the 
establishment of any dynamic follow current. 
These devices are insulated to withstand 
and receive the AIEE acceptance dielectric 
tests for distribution transformers. 

Mr. Towne has aptly stated that prac- 
tical operating benefits have been pyra- 
mided over several years, as a result of a 
thorough study of the protection of dis- 
tribution systems from lightning. It is 
believed that additional benefits can be 
derived by applying the knowledge so far 
gained on transformer insulation and the 
frequency and intensity of lightning stroke 
currents. We should not compromise on 
this problem but strive to protect apparatus 
against the maximum conditions to which 
it is subjected. As a protective ratio of 
2.5 to 3.5 was considered adequate in the 
past when we had to deal with the uncer- 
tainty of lead and ground resistance drops, 
it would seem only logical that a higher 
ratio would be satisfactory with these un- 
certainties removed. This can be done 
without danger of apparatus failure, and 
would result in better system protection, 
better protection to the consumer through 
a more adequately insulated and a more 
rugged and serviceable protective device. 


Distribution Lightning 
Arrester Performance Data 


Discussion and closure of a paper prepared by 
the lightning arrester subcommittee of the 
AIEE committee on protective devices pub- 
lished in the May 1937 issue, pages 576-7, 
and presented for oral discussion at the light- 
ning protective equipment session of the 
summer convention, Milwaukee, Wis., June 


24,1937. 


Herman Halperin (Commonwealth Edi- 
son Company, Chicago, Ill.): The lightning 
arrester subcommittee also has prepared a 
general guide for use by utilities in testing 
lightning arresters. In this connection, the 
data on new arresters in the June 1937 
ELECTRICAL ENGINEERING will be found 
helpful. The guide should be of particular 
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value in testing line-type arresters rated 
at 15 kv and less which are removed from 
lines, 

For the past 4 years, we have been testing 
used 3-kv arresters in Chicago before they 
are returned to stock for reuse. About 85 
per cent of those that were mechanically 
satisfactory have been found electrically 
suitable for additional service. These tests 
have all been made with 60-cycle supply. 

In connection with the guide, it is hoped 
that some utilities will make impulse as 
well as 60-cycle tests in order to determine 
what correlation exists between the 2 types 
of tests in indicating defects. 


L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Baltimore, Md.): These data are of value 
and necessary in applying arresters intel- 
ligently. However, it is hoped that these 
data will be expanded in the future so as to 
cover additional lightning arrester char- 
acteristics so essential for the correct ap- 
plication of arresters. In view of the fact 
that solid insulation is subject to a wide 
range of surges including those of very 
steep wave front and those of very high 
current it is highly desirable to know the 
voltage that will be passed by the arrester 
for all types of surges, including those of 
very steep wave front and for surge currents 
up to the point at which the arrester ele- 
ment flashes over. The ideal application 
of lightning arresters is one in which the 
arrester will always fail before the equip- 
ment protected, since the arrester repre- 
sents a much smaller economic loss than 
for that which it protects. 


I. W. Gross (American Gas and Electric 
Company, New York, N. Y.): In this re- 
port on distribution arrester characteris- 
tics, we have for the first time, to my knowl- 
edge, a rather complete over-all picture of 
the expected performance of present day 
commercial distribution arresters. 

A study of the data in table I shows that 
in the distribution arrester class variations 
in terminal voltage, both on initial break- 
down, and under discharge conditions, of 
the order of 30 per cent may be expected. 
This situation which, I take it, is due largely 
to manufacturing tolerances which it is not 
feasible to overcome economically, should 
be recognized in applying lightning arrester 
protection not only to transformers of 
present design but also to those now in serv- 
ice, if satisfactory results are to be ex- 
pected. 

There is one thing that should be pointed 
out in connection with the impulse voltage 
permitted by these distribution arresters, 
and that is, they permit some 30 to 70 per 
cent higher voltage across their terminals 
on breakdown than they allow during dis- 
charge at 1,500 amperes. And yet these 
voltages at breakdown are at a compara- 
tively low rate of voltage rise, namely, 50 to 
100 kv per microsecond as specified in the 
present AIEE standards. These same 
standards provide for rates of rise of some 
1,000 kv per microsecond in the 115- to 138- 
kv class of arresters. It is hard to believe 
that natural lightning is so temperamental 
that it impresses voltages of 1,000 kv per 
microsecond on high-voltage lines and takes 
pity on the distribution systems in the 3- 
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to 9-kv class and reduces its destructive 
effects to a 50 or 100 kv per microsecond 
pattern. 

In addition I wish to suggest that all 
lightning arrester manufacturers give data 
on their arresters on a common basis, that 
is, on the basis of average, maximum, or 
minimum voltage characteristics both for 
breakdown and JR-drop characteristics, 
with expected tolerances stated. 

In closing, it is hoped the committee will 
continue its work in collecting and pre- 
senting authentic data of this type on 
atresters in the higher voltage classes in 
both the distribution and station types. 
Such information is decidedly helpful in 
applying protection to equipment with a 
reasonable degree of certainty that it will 
work in actual practice. It cannot be 
too strongly emphasized that such data 
are absolutely necessary in attempting to 
apply the lightning arrester as a protec- 
tive device to a great deal of the equipment 
now in use, where such equipment has been 
weakened with age, or of older design not 
hhaving the insulation strength of apparatus 
bought today. 


J. R. North: Mr. Gross’s constructive sug- 
gestions regarding desirable improvements 
in the Institute Standards for Lightning 
Arresters and test procedure are most wel- 
come. Table I in the report shows a wide 
range between the minimum and maximum 
performance characteristics of different 
makes of arresters. The gap breakdown 
voltage is of the order of 130-150 per cent 
of the average JR drop, with rates of rise 
of 50-100 kv per microsecond. 

The voltage rating of arresters represents 
the maximum allowable dynamic voltage 
across the arrester terminals under any 
conditions. As mentioned by Mr. Halperin, 
seports prepared by the lightning arrester 
subcommittee discussing testing procedure, 
application of arresters, and specific pro- 
tection practices have been prepared and 
will be distributed to members of the pro- 
tective devices committee and other inter- 
ested parties. 

It is hoped next year to be able to pre- 
sent a report containing similar perform- 
ance data pertaining to station type ar- 
westers and to line type arresters rated above 
15 ky. 


Expulsion 
Protective Gaps 


‘Discussion and authors’ closure of a paper by 
W. J. Rudge, Jr., and E. J. Wade published 
in the May 1937 issue, pages 551-7, and 
presented for oral discussion at the lightning 
protective equipment session of the summer 
convention, Milwaukee, Wis., June 24, 1937. 


#. J. Allen (General Electric Company, 
Pittsfield, Mass.): The engineering data 
given in the paper sets forth the principal 
operating characteristics of expulsion gaps, 
based on 5 years’ experience, and aug- 
meuted by intensive development in the 
faboratory and field. 

By way of explanation, the ordinate of 
the curves, on figure 10 in the paper, is 
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plotted in terms of ““‘length of flame feet” 
which, of course, is visible, and was scaled 
from photographs of staged tests. These 
photographs were taken during power cur- 
rent interruption of corresponding crest 
currents shown on abscissa. This ‘length 
of flame” versus “current” interrupted 
relationship is practically independent of 
circuit voltage rating. 

Also of equal interest, however, is the 
length of electrically conducting gases within 
the flame during power current interrup- 
tion by the tube. The length of electri- 
cally conducting gases is an important con- 
sideration when applying expulsion pro- 
tective gaps in service, to prevent these 
expelled gases from contacting other nearby 
metal parts of dissimilar potential, and 
thereby avoiding risk of faulting other 
phases. For example, conducting gases 
from the line end of an expulsion tube should 
not come in contact with nearby grounded 
metal structures; likewise the gases from a 
design having a grounded end of the tube 
should not come in contact with any line 
conductors, which of course, are insulated 
from ground. 

However, the proximity of metal ob- 
jects to the path of the discharge gases is 
not as serious a limitation to the successful 
service applications of expulsion protec- 
tive gaps as might be anticipated. Tests 
have shown that the length of the electri- 
cally conducting gases extending from the 
open end of the tube during power current 
interruption never exceeds the length of 
flame. For example, during field tests on 
a 1382-kv system, a grounded metal pipe 
was located 6 feet, 10 inches from the ‘‘tee’’ 
discharge deflectors located on the line end 
of the tube. With this set-up during power 
current interruption of 11,300 crest am- 
peres by the expulsion gap, the arc did not 
follow the flame to ground. At distances 
of 6 feet or less, a power arc was maintained 
between the discharge deflector and 
grounded metal pipe. At 11,300 crest am- 
peres power current interruption, however, 
the length of flame is approximately 9 feet. 
Hence in this particular series of tests, the 
length of the electrically conducting gases 
extended only two-thirds of the distance 
between the ‘tee’? vent and the visible 
length of flame. 

Typical tests such as described above 
indicate that the length of electrically con- 
ducting gases within the flame envelope 
attending power current interruption by 
the tube bears a complex relationship, as 
this depends not only on the current, but 
mainly on circuit voltage characteristics 
and design of the discharge deflectors. 

It is believed, therefore, that the curve, 
figure 10 in the paper, can be safely used 
when applying expulsion protective gaps 
to obtain adequate clearance from elec- 
trically conducting discharge gases, thereby 
avoiding risk of faulting other phases. In 
practice, the expulsion tube can either be 
positioned in such a way as to provide nec- 
essary clearance of discharge gases using 
straight vents from the tube or if not, the 
path of the expelled are flame can be di- 
verted by means of “‘tee’’ (90 degrees) or 
Y (45 degrees) discharge deflectors at- 
tached to the lower electrode. 

Another point mentioned in the paper 
concerns the rapid expulsion action of the 
tubes, and resultant power current inter- 
ruption before system relays can function. 


Discussions 


The “First Report of Power System Sta- 
bility” by the AIEE subcommittee on in- ~ 
terconnection and stability (ELECTRICAL 
ENGINEERING, February 1937, page 261) 
recognizes that special tube-type protec- 
tors of a design described in the paper will 
increase the practical operating power 
limits. 

System stability, or the ability of a sys- 
tem to stay together during a disturbance, 
is an important factor toward improving 
continuity of service. Line disturbances 
caused by lightning flashover of insulators 
with attendant load rejection will quite 
naturally tend to cause instability of trans- 
mission systems operating near the power 
limit. Even with ultrahigh-speed relaying 
and breakers on the faulted line, not 
equipped with protector tubes, the system 
is subjected to this disturbance for at least 
several cycles. Tests have shown that 
interruption of rated power current through 
an expulsion gap occurs within a cycle. 
Hence their net effect, by preventing flash- 
over at the protected structures, is to re- 
duce system outages and extend the sta- 
bility limit, or power transmitting capacity 
of the system. 


R. L. Thomas (Pennsylvania Water and 
Power Company, Baltimore, Md.): Too 
much emphasis cannot be placed on the 
statement made by the authors that proper 
mountings for expulsion gaps are absolutely 
vital. In a tabulation in the authors’ 
paper there are statistics covering the op- 
eration of expulsion gaps on a 69-kv line 
of the Pennsylvania Water and Power 
Company in 1935 and 1936. Actually the 
statistics cover the line from Holtwood to 
Safe Harbor (Lehmans Farm switching 
station) owned by Pennsylvania Water 
and Power Company and the line from 
Safe Harbor to Lancaster (Engleside) which 
is owned by Pennsylvania Power and Light 
Company. The record for 1935 shows 4 
tube failures and 16 trip-outs. A footnote 
states that ‘‘The cause for these failures has 
been determined and remedied.” 

Briefly, the remedies applied or changes 
made were first, the external gap was in- 
creased from 5 inches to 11 or 12 inches; 
second, a shielding ring was placed around 
the outside of each tube near the lower end; 
third, the horns were shortened; and 
fourth, an attachment was added to the 
mounting to prevent the turning of the 
tube mounting with respect to the insulator 
string and at the same time to allow the 
tube to swing with the insulator string. 

There were no tube failures in 1936 and 
we thought the problem had been solved. 
However, on June 14, 1937 there was 
another tube failure. The circuit switches 
were reclosed 4 times but in each case there 
was another trip-out and the circuit was 
left out of service. It was several hours 
before the trouble could be located and 
remedied. It was found that on one of the 
tubes on a strain tower the fastening bolts 
had slipped in the slots provided for ad- 
justment and that on this particular tube 
the horn had not been shortened sufficiently 
and the movement caused the horn to ap- 
proach the conductor instead of increasing 
the external gap. 

The failure shows the importance of care- 
fully designed and ruggedly constructed 
mountings. Otherwise a device which is 
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3 do not want to introduce a Rete of dis- 
ouragement since with any new device it is 


tube failures in 1936 and naturally we hope 
that there will be no more in the future. 


point this co-ordination is readily obtained, 
in actual installations care is necessary in 
that it is possible in the case of improper 
application to so distort the dielectric field 
that either co-ordination between the gap 
and the line insulation is destroyed or the 
co-ordination between internal and external 
flashover is lost. In tests it has been found 
that both of these are possible, namely, that 
external flashovers and insulation flashovers 
have resulted without an internal break- 
down of the gap. The authors mention 
the possible use of these gaps on ungrounded 
neutral systems. Until more definite data 
are available on the ability of these gaps to 
clear the very low currents that would exist 
in the case of breakdown from phase to 
ground it is believed that such applications 
are questionable. In addition to this, should 
an arcing ground occur on one phase the 
voltage might rise to sufficiently high values 
on other phases to cause numerous tube 
flashovers. 

The setting of the external gaps, particu- 
larly on lower-voltage tubes is quite impor- 
tant where the external gap is quite small. 
Our company, which has applied these tubes 
on 13.2-kv wood pole lines has had a few 
cases where expansion and contraction of 
the cross-arms due to alternate wetting 
and drying may account for as much as one- 
fourth inch change in dimension, thus causing 
the mountings to loosen and short the ex- 
ternal gap. One case of tube failure at- 
tributed to this cause has actually been 
experienced. It is hoped that the pos- 
sibility of trouble of this type has been elim- 
inated by the change in the design of the 
mounting bracket, which includes 2 spurs 
which are forced into the crossarm. In 
addition to this some trouble has been ex- 
perienced on strain poles where stranded 
line conductors were attached to the cross- 
arm through strain insulators in which the 
the unwinding effect of the stranded con- 
ductor caused the strain insulators to ro- 
tate, moving the loop over the crossarm 
into the arcing rod, shorting the external 
gap. This trouble has been corrected by 
installing 2 pin-type insulators, one on each 
crossarm and relocating the tube so that 
the arcing rod points at the conductor be- 
tween the pin type insulators, which carry 
the loop over the top of the crossarm. 

While it is desirable to install expulsion 
protective gaps on every structure on high- 
voltage lines such a practice becomes quite 
expensive on low-voltage lines. If satis- 
factory operating results can be obtained a 
more economical installation would consist 
of installing these gaps on only a fraction 
of the total number of structures. In order 
to do this successfully it is necessary to have 
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reasonably low ground resistance on those 
poles on which the gaps are installed and to 
maintain an insulation level as high as pos- 
sible on those that do not have the gaps. 
As shown in table I in the paper we in- 
stalled gaps on every second pole on one 
2-circuit line and on every third pole on 
another line in 1935. In 1936 gaps were 
installed on another double circuit line on 
every fourth pole. No trip-outs due to 
lightning on any of these lines have been 
experienced. There was one trip-out due 
to tube failure resulting from shorting the 
external gap. There were 2 other cases 
of tube failure without trip-outs due to the 
shorting of the external gaps. In 1935 we 
installed a similar device of another manu- 
facture on a single-circuit 13.2-kv line. In 
2 years’ operating experience no trip-outs 
due to lightning have occurred on this line. 
It is interesting to compare this operating 
experience with the operating experience 
prior to the installation of the gaps. On 
feeders number 87 and 88, the 3-year period 
prior to the installation of gaps in 1935, one 
feeder tripped out 5 times, 4 of which were 
due to burning down of the conductors and 
the other feeder tripped out 5 times, all 5 
trip-outs, being due to conductor burn- 
downs. On feeders 60 and 61 which were 
equipped with gaps on every fourth pole in 
1936, in the 4-year period prior to 19386, 
one circuit had 7 conductor burn-downs and 
the other circuit 5, all due to lightning. In 
the single-circuit lines, which were equipped 
with tubes of another manufacture in 
1935, this line tripped out 3 times due to 
lightning in the 3-year period prior to 1935. 
We plan to install devices of this kind on 
another double-circuit line with the tubes 
installed on every sixth pole. In all of 
these installations we are raising the impulse 
level of the ungapped poles to 700 kv. We 
are attempting to determine the maximum 
spacing of devices of this kind for use on 
13.2 kv consistent with a material reduction 
in trip-outs. Obviously the lower the cost 
per mile for such installations the more miles 
of line that can be equipped. 

It is believed that if satisfactory weather- 
ing characteristics are obtained with devices 
of this kind they have a real future in in- 
creasing reliability of service. 


L. R. Ludwig (Westinghouse Electric. & 
Manufacturing Company, East Pittsburgh, 
Pa.): Messrs. Rudge and Wade presented 
in their paper a tabulation of operating 


companies who have utilized self-clearing 
protector tubes. The authors are correct 
in stating that the tubes have given very 
satisfactory results in the field. Attached 
is a list of further applications of these de- 
vices, which have been made during the past 
few years, also with satisfactory results. 

The authors have stated that the problem 
of applying these protector devices is one of 
determining the short circuit currents and 
the recovery voltage. While it is rela- 
tively a simple matter to determine the 
short circuit current, the problem of deter- 
mining the recovery rate is much more in- 
volved. 

Mr. Evans and Mr. Montieth have made 
a very considerable contribution in this 
field by utilizing the calculating board in a 
novel manner for obtaining with the oscillo- 
graph an actual trace of the recovery volt- 
age as it will occur on any given system. 

Referring to the authors’ figure 1, it is to 
be noted that the tube is of unsymmetrical 
design with respect to the electrodes. It 
would be expected that breakdown at the 2 
polarities would be different on this account 
and the authors are requested to state if this 
is the case. Furthermore, since an in- 
serted lower electrode has been omitted, 
it is conceivable that a certain amount of 
difficulty may be experienced with this de- 
sign due to external flashover of the tube 
rather than internal flashover. It will be 
interesting to inquire if difficulties of this 
kind have been obtained. 


H. G. Brinton (General Electric Company, 
Pittsfield, Mass.): In the case of oil circuit- 
breakers where the whole circuit is cut 
off, the value of capacitance may be quite 
small and the recovery rate very high but 
the device is capable of operating with very 
high recovery rates. On the other hand 
the safe operation of the expulsion gap calls. 
for a less rapid recovery rate, but the re- 
covery rates are lower because the circuit 
capacitance at interruption of the current 
is larger. Ordinarily the recovery rate on 
expulsion gaps is of the order of 100 to 300: 
volts per microsecond. 

Figure 9 of the Rudge-Wade paper shows. 
a sudden kick or rise in the are voltage just 
before the arc broke, caused by a sudden 
increase of arc resistance. The arc voltage. 
kicks up to about twice its previous value 
and the current drops to zero more rapidly. 
The voltage on the gap then reverses sud-. 
denly when the current comes to zero, be- 
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cause the current was lagging and so the 
current and are voltage were negative when 
the generated voltage was positive. 

The voltage recovery rate in figure 9 is 
considerably steeper than that obtained in 
single gap line to ground operation where 
the current was smaller and more nearly 
in phase with the generated voltage. The 
more rapid recovery rates are usually as- 
sociated with larger short circuit currents. 
It is an interesting characteristic of the ex- 
pulsion gap that the larger currents and con- 
sequently greater evolution of exhaust gases 
enable it to clear with greater recovery 
voltages. 


W. J. Rudge, Jr.,and E. J. Wade: The dis- 
cussions of our paper are particularly valu- 
able in that they not only lay emphasis on 
the importance of many points mentioned 
in the paper, but add to the total operating 
experience which may be critically exam- 
ined by those interested in the application 
of protector tubes. 

Both Mr. Smith and Mr. Thomas have 
endorsed our statements as to the impor- 
tance of properly mounting hardware for 
tubes. Mr. Smith’s data on the compara- 
tive performance of feeders, both before and 
after they were equipped with tubes, is 
particularly helpful because it gives a better 
understanding of the improvement in line 
performance which can be obtained through 
their use. While from a theoretical point 
of view, tubes should be located on each 
structure to obtain best protection, Mr. 
Smith has shown that tubes located on 
every second, third, or fourth structure can 
effect a material improvement in line per- 
formance. This type of experience is 
needed by the industry, as it will enable 
an economic evaluation of the improve- 
ment in line performance which can be ac- 
complished with different densities of in- 
stallations. By employing such schemes 
it appears possible to effect a material im- 
provement in line performance in a great 
many cases where economic considerations 
indicate that it is impractical to equip every 
structure. 

Mr. Ludwig’s discussion with the attached 
table is useful in that it gives an idea of the 
number of companies which are interested 
in the application of tubes. However, it is 
to be regretted that the data does not in- 
clude the operating experience with the 
tubes, since tubes are comparatively new 
devices and it is necessary to build up a 
back log of experience which will be helpful 
in both the design and application of tubes. 

The calculating-board methods described 
by Messrs. Evans and Monteith will no 
doubt be helpful in examining numerous 
circuit arrangements which cannot be 
easily obtained by field measurements. 
It must be realized, however, that before 
the calculating board results can be fully 
relied upon, that sufficient data from field 
tests on the actual circuits as they are in 
service must be obtained in order to es- 
tablish the constants used on the calculating 
board. Experience in the past with models 
in the laboratory, particularly in the study 
of lightning, has shown that extreme care 
must be exercised when interrupting results 
obtained from studies on models rather 
than the full scale structures found in serv- 
ice. While we have made numerous cal- 
culations and studies of circuit recovery 
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voltages, it is our feeling that greater con- 
fidence can be placed in the results by ob- 
taining measurements on full scale models 
such as are found inservice. It is for this 
reason that we have developed the equip- 
ment and pursued a program of making 
field tests to obtain this necessary funda- 
mental information. 

Mr. Ludwig has asked if the unsym- 
metrical design with respect to the tube 
electrodes caused by the omission of an in- 
serted lower electrode is responsible for the 
external flashover of the tubes. Our tests 
to date have indicated that the insertion of 
a lower electrode alone does not carry with 
it the assurance that external flashovers 
will not obtain. It is truer, however, that 
the assembly and design do have an in- 
fluence on the positive and negative im- 
pulse characteristics of the tube. 

We wish to thank those who have taken 
part in the discussion of our paper and urge 
all operators who are obtaining experience 
with tubes to keep records on their per- 
formance so that they may be made avail- 
able to the industry, as in this way a more 
complete picture may be had as to the rela- 
tive merits of tubes and their ability to im- 
prove the performance of transmission cir- 
cuits. 


Flashover Characteristics 
of Rod Gaps and Insulators 


Discussion of a report of the subcommittee on 
correlation of laboratory data of the EEI- 
NEMA joint committee on insulation co- 
ordination published in the June 1937 issue, 
pages 712-14, and presented for oral discus- 
sion at the lightning protective equipment 
session of the summer convention, Milwaukee, 


Wis., June 24, 1937. 


C. S. Sprague (Purdue University, Lafay- 
ette, Ind.): This report presents data 
which are evidently the result of a con- 
siderable amount of work by 5 of the larger 
high-voltage laboratories of the country. 
The calibration of such easily reproducible 
apparatus as the insulator string and the 
rod gap should be of considerable advan- 
tage in checking the satisfactory operation 
of equipment and testing technique. Even 
though the insulator string and rod gap 
are rapidly losing caste as protective de- 
vices due to their impulse characteristics 
at very short times and the data is subject 
to a tolerance of 8 per cent, this does not 
seriously affect its usefulness for the above 
purpose. 

Tables I and II show some apparent minor 
inconsistencies. For instance in table I, 
for suspension insulators with the 1 & 5 
wave, the negative wave values are higher 
than those for the positive wave over the 
range of 12 units shown. With the 1.5 
x 40 wave, the negative values are lower 
up to 12 units, at which points the curves 
apparently cross, the negative values being 
higher from 13 to 20 units. 

However in table II for the rod gap, with 
the 1 X 5 wave the negative values are 
considerably higher except in the range from 
8 to 20 inches where the positive and nega- 
tive values are essentially the same, but 
with one point at 15 inches showing the nega- 
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tive value to be lower. For the 1.5 X 40 
wave the negative values are considerably 
higher over the whole range, which is in 
contrast to the 1.5 X 40 wave data on the 
suspension insulators. 

There is admittedly a considerable physi- 
cal difference between the insulator string 
and the rod gap, and perhaps, in view of the 
8 per cent tolerance, the above inconsis- 
tencies are more apparent than real. How- 
ever, the writer would ask if there is, as 
yet, any satisfactory explanation of the 
preceding trends of the data of tables I and 
Te 

In further reference to table I, will the 8 
per cent tolerance apply to the values as 
given, for all 10-inch disks at 53/,-inch spac- 
ing, regardless of size or type of insulator 
cap and other hardware? 

From figure 1, it appears that we now 
have a much needed correction for the effect 
of humidity. Years ago we talked of the 
relative humidity. Then there was found 
to be a correlation between spark-over 
values and the absolute humidity, and the 
latter was expressed sometimes as grams 
per cubic meter, and sometimes as grains 
per cubic foot. Now we have the correc- 
tion factor plotted against the absolute 
pressure of the water vapor. While the 
writer has no particular preference as to how 
the water content of the air is expressed, 
it is hoped that a unified terminology can 
be adopted. 


P. H. McAuley (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): A review at this time of the technical 
details leading to the satisfactory agree- 
ment in data from different laboratories 
seems appropriate. The outstanding items 
which contributed to this agreement are: 


1. Use of cathode-ray oscillograph and resistance 
voltage divider as a method of voltage measure- 
ment. 


2. Adoption of standard waves by all laboratories. 


3. Determination of correction factors chiefly for 
humidity of the air. 


Previous to 1929 the usual method of 
making high-voltage impulse tests was to 
set up a generator circuit, calculate the 
wave form by approximate methods and 
measure the peak voltage with a sphere 
gap. With the capacitors available, poor 
regulation naturally could not be avoided 
with changes in the capacity of the test 
piece. The importance of the oscillations 
due to generator inductance and stray ca- 
pacity was not appreciated. These oscilla- 
tions varied with load and resulted in in- 
consistent and abnormally high values. 
Fielder and Torok applied the cathode- 


Table I. Comparing Early Trafford Impulse 
Data on Suspension Insulators With Values 
From the Committee Report 
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ray oscillograph with a resistance voltage 
divider to a 2,000-kv impulse generator at 
Trafford in 1928. The practice of deter- 
mining the volt-time characteristic curve of 
high-voltage insulation was adopted im- 
mediately and the sphere gap was practically 
discarded for impulse measurements, Our 
first field curve above 1,000 kv, dated Nov- 
ember 1928, was on 10 suspension insul- 
ators and shows a minimum value of 920 
kv and a one microsecond value of 1,510 
kv. The most recently published data 
gives 945 and 1,500 kv for these points. 
However, this accuracy within 3 per cent 
in 1928 was partly due to compensating 
errors. The humidity was not even re- 
corded but was probably around 0.15 inches 
of mercury. A 5 per cent positive error in 
the divider system was later discovered and 
probably compensated for most of the 
humidity correction. The wave form was 
far from smooth but the fundamental hap- 
pened to be close to 1.5 X 40 and positive. 
It is interesting to compare the values 
from the committee report with the time 
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tion; 11 standard insulators, positive short 
waves 


log curves published in Electrical World, 
November 23, 1929 and in the AIEE TRANS- 
ACTIONS, July 1930. Insulators only are 
considered, as the present form of rod gap 
had not been adopted. The agreement in 
table I indicates the soundness of the measur- 
ing methods used at Trafford nearly 8 years 
ago. 

A few years later this system of voltage 
measurement had benefited from a num- 
ber of technical improvements chiefly on the 
cathode-ray oscillograph. Complete cali- 
bration curves for some of the sphere gaps 
based on measurements with the oscillo- 
graph were made and presented by F ielder 
(Electrical World, September 30, 1933). 
The effect of air conditions was realized 
and data on correction factors were col- 
Jected. Standard waves were adopted in 
co-operation with other laboratories. T hus 
was made possible the correlation of labora- 
tory data regardless of whether the sphere 
gap or the oscillograph was depended upon 
for voltage measurement. Many prob- 
Jems still remained and much time was 
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required to collect and co-ordinate data on 
different apparatus. However, the tech- 
nical obstacles had been solved experimen- 
tally. Then and not till then were reliable 
mathematical methods of impulse generator 
circuit analysis present. 

The steps and progress in laboratory 
co-ordination are well illustrated by figure 1, 
showing different values obtained for mini- 
mum short wave flashover of 11 suspension 
insulators. Changes in wave form, hu- 
midity corrections, and measuring methods 
reduced a spread of 30 per cent to less than 
2 per cent over a period of 3 years. 

The trend at present to consider negative 
waves has introduced some more unknown 
factors and interesting problems. What 
seems to be needed now is fundamental 
research of the phenomena of breakdown. 


Lightning Currents 
in 132-Kv Lines 


Discussion of a paper by Philip Sporn and 
I. W. Gross published in the February 1937 
issue, pages 245-52, and presented for oral 
discussion at the opening session of the North 
Eastern District meeting, Buffalo, N. Y., May 
5; 1937. 


P. L. Bellaschi: See discussion, this page. 


S. K. Waldorf (Pennsylvania Water and 
Power Company, Baltimore, Md.): Anal- 
ysis of a recent outage of the Holtwood- 
York 69-kv line has yielded information 
closely related to that presented by Messrs. 
Sporn and Gross. It has particular bear- 
ing on the questions of current distribution 
in transmission towers and the surge im- 
pedance of overhead ground wires. 

One circuit of the double-circuit line 
tripped during a severe lightning storm. 
On patrolling the line, it was found that an 
arc had occurred between the top phase 
conductor and the structure of tower 63, 
and that the surge-crest ammeter links were 
strongly magnetized on towers 63 and 64. 
The links on towers 61 and 62 were found 
magnetized to a less extent. Brackets for 
the links were mounted on only one leg of 
each tower and indicated leg currents of 
14,600 and 12,200 amperes in towers 63 and 
64, respectively. As is customary when 
estimating the current in a tower equipped 
with only one pair of surge-crest ammeter 
links, the tower currents were taken as 4 
times the leg currents, or 58,400 and 48,800 
amperes in towers 63 and 64, respectively. 
The currents in the 2 towers being almost 
equal, it was concluded that lightning had 
probably struck one or both of the overhead 
ground wires between the towers. 

With the footing resistance of tower 63 
being 11 ohms, and the tower current 58,- 
400 amperes, their product yielded a tower 
potential of approximately 640 kv. This 
was only about 60 per cent of the nominal 
flashover value of the line which indicated 
at first glance that the initial flashover 
should have occurred elsewhere than at the 
tower. Following this train of thought, the 
next possibility investigated was that of a 
flashover from a ground wire to the line 
conductor between towers, followed by 
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flashover from the line conductor to tower 
63. This seemed a likely sequence of events 
with the current of 58,400 amperes and the 
surge impedance of the overhead ground 
wire causing a potential difference of ap- 
proximately 29,000 kv between the struck 
wire and the line conductor. Examination 
of lightning current observations made on 
3 transmission lines since 1934 showed that 
this hypothesis also was probably incorrect. 
Numerous cases were found where heavy 
surge currents had travelled along over- 
head ground wires without flashover oc- 
curring. The circumstance has been re- 
peated so often that the conclusion was in- 
evitable that the surge impedance of an 
overhead ground wire is something appreci- 
ably less than 500 ohms at the point of con- 
tact of a lightning stroke. 

Messrs. Sporn and Gross have shown that 
a relation exists between the length of a 
counterpoise conductor and its relative cur- 
rent-carrying capacity. At tower 63, 50 
ohms was the ground resistance of the 
counterpoise connected to the leg in which 
the current of 14,600 amperes was measured, 
and the ground resistance of the other 3 
counterpoise wires was 16, 20, and 55 ohms, 
respectively. The current in the tower was 
estimated on the assumption that the cur- 
rent carried by each leg varied inversely as 
the ground resistance of the buried con- 
ductor connected to that leg. On this 
basis, the current in the tower was calculated 
to be in the neighborhood of 110,000 am- 
peres, which is more than enough to account 
for the flashover at the tower. 

Measurements on towers having surge 
crest ammeter links on all four legs have 
shown that appreciable error in measure- 
ment can result if only one leg carries links, 
due to the unequal distribution of surge 
current between the legs of a tower. When 
all of the enumerated facts were considered, 
the conclusion was that the flashover was 
due to a very heavy surge current in tower 
63. 

In general, the analysis of this outage has 
led to an examination of the data collected 
by the Pennsylvania Water and Power 
Company from an additional point of view. 
At this time it is felt that Messrs. Sporn 
and Gross are correct in questioning the 
accepted value of 400 or 500 ohms as the 
surge impedence of a wire near the point of 
contact of a lightning stroke. Further 
investigation is being made to establish the 
effect of counterpoise ground resistance on 
the distribution of surge current in a tower. 


Probable Outages of 
Shielded Transmission Lines 


Discussion and author's closure of a paper by 
S. K. Waldorf published in the May 1937 
issue, pages 597-600, and presented for oral 
discussion at the opening session of the North 
Eastern District meeting, Buffalo, N. ¥., May 
5, 1937. 


P. L. Bellaschi (Westinghouse Electric & 
Manufacturing Company, Sharon, Pa.): 
The considerable field data on lightning 
currents now available naturally suggest 
through correlation processes the best de- 
sign technique to render transmission lines 
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practically free from lightning outages. 
A great deal of laboratory and analytical 
work has been done to establish this de- 
velopment along sound lines. All this is 
clearly set forth in these 2 papers, yet it is 
apparent also that new data suggest fur- 
ther analysis. It is with this viewpoint in 
mind that a method is suggested for evalu- 
ating the duration of the lightning stroke 
discharge from the crest currents measured 
at adjacent towers. 

Thus, lightning upon striking directly a 
tower of footing resistance Ri, discharges a 
current 2; through it. Consider a current 
i, through the adjacent tower of footing 
resistance Rz. The inductance of the over- 
head wire or wires between the 2 towers is 
designated as L. The corresponding crest 
values of the currents measured at the two 
towers are, respectively, J; and J». 

It has been established from fundamental 
findings, here and abroad, that the more 
common type of lightning discharge rises 
abruptly to crest, receding to low values 
in a relatively longer time (microseconds). 
The discharge is apparently unidirectional 
or quasi-unidirectional in wave form, though 
there are indications that reversal of the 
polarity of the current discharge may occur. 
The exponential wave form, when all is con- 
sidered, is sufficiently valid for the purpose 
here and serves well as a first approach in the 
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In applying relationship (4) it is essential 
that the crest currents should correspond to 
a lightning stroke directly to one of the 
towers. Considering values of transmission 
line constants encountered (such for ex- 
ample, L = 400 microhenries; R: = 5 to 20 
or more), and since the ratio on the right 
hand of equation 4 would hardly or infre- 
quently exceed 0.70 approximately, pos- 
sible ranging down to 0.10, it appears from 
the equation that values of T (duration of 
lightning discharge) range from 10 to 100 
microseconds. 

Though this preliminary analysis in cal- 
culating the duration of the lightning- 
stroke discharge is subject to a number of 
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obvious criticisms, these hardly should de- 
tract from the possibilities new analytical 
methods of attack present in the study of 
field data. 


S. K. Waldorf: Mr. Bellaschi’s conclusion 
that lightning surges are slower in develop- 
ment than has been generally supposed, is 
borne out by experience. There has been 
a lack of flashovers on overhead ground 
wires carrying heavy surge currents, a 
behavior probably due to the surge imped- 
ance of the ground wires being low as a 
result of the surges not having steep wave 
fronts. 

Since table IV of the paper was prepared, 
the initial flashover of the Holtwood-York 
69-kv line has occurred, which changes 
the actual lightning outages per year for this 
line from 0 as given in the table to approxi- 
mately 0.5. This is in agreement with the 
value of 0.38 probable outages per year 
which calculation shows can be expected for 
this line. The other figures given in table 
IV remain approximately the same as origi- 
nally given. 


Heat Taree Efficiency 
of Range Units 


Discussion and author's closure of a paper by 
W. James Walsh published in the August 
1937 issue, pages 953-8. 


W. N. Lindblad (Pacific Gas and Electric 
Company, Emeryville, Calif.): Experience 
gained by the writer in making a number of 
tests such as Mr. Walsh describes has ac- 
centuated the importance of careful meas- 
urement and necessary compensation for 
errors in order that consistent results may 
be obtained. The use of a drop of oil to 
minimize evaporation is a unique and no 
doubt effective method of reducing this 
rather considerable error. 

The over-all efficiency is greatly affected 
by the amount of water chosen. In a 
number of tests made by the writer on 
similar pots and units but with 5 pounds of 
water instead of 2.76 pounds, appreciably 
higher efficiencies were obtained. It would 
be of interest to know why Mr. Walsh 
selected 1,250 grams as the weight of water 
used. 

The maximum instantaneous efficiencies 
were assumed by Mr. Walsh to be those 
coincident with the flat portion of the ef- 
ficiency curves in figure 7 of Mr. Walsh’s 
paper. It is to be noted that these ef- 
ficiencies are occurring while the water and 
presumably the unit are increasing in tem- 
perature, possibly at the same rate. It has 
been the writer’s experience that the unit 
continues to increase in temperature after 
the water reaches a constant temperature 
(boiling) and that, consequently, the heat 
transfer efficiency increases to a value some- 
what higher than shown. 

The increase in efficiency obtained with 
black-bottom pots, particularly on the more 
radiant units, coincides with the writer’s 
experience. Other factors also have a 
bearing, particularly the concavity of the 
bottom. With a perfectly flat and bright- 
bottom pot, the writer has found that the 
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unit B (as labeled in Mr. Walsh’s paper) 
invariably showed higher efficiencies than 
unit A. When the flat bottom was black- 
ened by spraying with lacquer, the efficiency 
on unit B was reduced considerably, show- 
ing that the heat conduction was reduced 
by the addition of the lacquer. 

Tests with pots having a concavity of as 
little as 1/32 inch gave results similar to those 
of Mr. Walsh’s which leads the writer to 
believe that Mr. Walsh’s pots were slightly 
concave. 

It is interesting to note that with a per- 
fectly flat top unit and a flat-bottom pot, 
over-all efficiencies of 67 per cent and in- 
stantaneous efficiencies of over 80 per cent 
were obtained with 5 pounds of water over 
a 75 degrees centigrade range of tempera- 
ture. 


W. J. Walsh: In regard to Mr. Lindblad’s. 
first remark, it may be stated that it was 
found quite possible to secure consistent re- 
sults when a good oil film was formed over 
the water surface. However, there were 
times when, due to a slight surface contami- 
nation on the water, a film refused to form. 
This difficulty was remedied by taking 
greater pains in cleaning the equipment 
used in handling the water. 

In connection with methods of minimiz- 
ing evaporation, the device employed in 
similar tests performed recently at Oregon 
State College by Mr. W. G. Short may be of 
interest. In his tests, Mr. Short substituted! 
a thin sheet of waxed paper (cut to fit the 
utensil at the water line) for the oil film, 
and secured even better results without the 
difficulties attending the use of oil. 

In determining the amount of water to be 
used, the writer was guided principally by 
the apparent predominance of 2-quart 
utensils in ordinary cooking operations. 
In the writer’s opinion, the use of larger 
quantities of water would result, in general,. 
in slightly lower values of efficiency, sup- 
posing of course that the utensil diameter 
remained the same. Further, it appears to 
the writer that the efficiency values ob- 
tained with the larger quantities of water 
would depend to a great extent upon the 
ability of the temperature-indicating device 
employed to give truly representative aver- 
age temperature values. To be more ex- 
plicit, one would not use, say, a resistance 
thermometer with the resistance element 
spread out in only one plane, but one having 
the resistance element distributed in both 
horizontal and vertical planes. It seems 
reasonable to expect the latter device to 
give much more representative temperature 
values than the former when larger quan- 
tities of water are used. It would be of 
interest to know the method employed by 
Mr. Lindblad in determining his tempera- 
ture values. 

In his discussion, Mr. Lindblad further 
states that the writer assumed that the maxi- 
mum instantaneous efficiency was coin- 
cident with the flat portion of the efficiency 
curves shown in figure 7 of the paper. This 
was not assumed, but definitely justified, 
as indicated in the paper under the heading 
“Discussion of Results” (page 957, ELEc- 
TRICAL ENGINEERING, Aug. 1937). 

Mr. Lindblad also indicates that in his 
experiments the use of lacquer on the bot- 
tom of the utensil reduced the efficiency of 
heat transfer of the unit labeled B in the 
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-writer’s paper. In this connection, it may 

be pointed out that the thickness of the 
_ lacquer layer and the condition of its sur- 
_ face would have a great deal to do with the 
results obtained. In the writer’s experi- 
ments, results were obtained which indicated 
nearly a 3 per cent increase in the instantane- 
ous efficiency of the unit B when it was 
used with the black-bottomed utensil. 
With a relatively thick layer of lacquer, 
it should be quite possible to effect a re- 
duction in the efficiency of a unit such as 
B, but in the writer’s opinion, a thin, dull- 
surfaced layer of lacquer would not result 
in an appreciable reduction in efficiency 
except on those units operating at a very 
low temperature. 

Mr. Lindblad further points out that the 
concavity of the bottom of the utensil has a 
marked influence on the heat-transfer ef- 
ficiency of surface units. It may also be 
pointed that a convex bottom has just as 
great, and probably a greater, effect. Since 
the utensils used by the writer were intended 
for actual kitchen use, they were purposely 
made slightly concave for obvious practical 
reasons. 

In his closing statement, Mr. Lindblad 
cites certain efficiency values which he has 
obtained in his experiments. It would be 
very interesting to know the rating of the 
unit upon which the tests were performed, 
and the methods employed by Mr. Lindblad 
in determining the several necessary quan- 
tities involved. In short, a paper by Mr. 
Lindblad setting forth the results of his ex- 
perience would be most welcome. The 
writer would like to take this opportunity 
to express his appreciation to Mr. Lindblad 
for his most instructive discussion. 

The writer notes with considerable in- 
terest the presence of 2 letters to the editor 
in ELECTRICAL ENGINEERING for October 
1937 commenting on the paper. Mr. 
Wiegand presents several interesting points 
which will undoubtedly be of value in future 
work along this line. Of course, the time 
and financial investment necessary for 
carrying out such tests as he proposes are 
practically beyond the range of any but a 
commercial organization. 

The writer notes with particular interest 
the comments made by Professor Seeley 
in his letter. Essentially the same ideas 
were expressed to the writer by Professor 
F. O. McMillan of Oregon State College 
at the time that he suggested the subject 
to the writer. 


Relay Operation 
During System Oscillations 


Discussion of a paper by C. R. Mason pub- 
lished in the July 1937 issue, pages 823- 
32, and presented for oral discussion at the 
development of protective equipment ses- 
sion of the Pacific Coast convention, Spokane, 
Wash., August 31, 1937. 


L. F. Kennedy (General Electric Company, 
Philadelphia, Pa.): It is my hope that 
every relay engineer will thoroughly study 
Mr. Mason’s paper, particularly figures 5 
and 6. Familiarity, with the changing 
relations between current and voltage, is 
necessary to an understanding of relay 
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performance when the system is in a dis- 
turbed condition. We have known that 
protective systems, with the exception of 
the differential types, are more or less prone 
to operation during system swings or os- 
cillations. Mr. Mason has presented the 
information bearing on relay operation in 
compact form for the benefit of relay engi- 
neers in such a manner that it should be of 
very material assistance to all relay engi- 
neers. 

Supplementing the fundamental data 
showing system performance, Mr. Mason 
has indicated in general terms the manner in 
which various types of relay elements may 
operate. As he states, such conclusions as 
may be drawn are thorougly obvious from 
the text. 

The use of zero-phase-sequence or nega- 
tive-phase-sequence relay devices would 
eliminate any tendency to operate on oscil- 
lations or swings. Such relays will not 
operate to clear simultaneous 3-phase 
faults. It is most important that 3-phase 
faults be quickly removed if severe and 
prolonged oscillations are to be avoided. 
I have recently reviewed a number of 
oscillograph records of disturbances on a 
large Eastern system. A surprising number 
of these started as balanced 3-phase faults. 
I am in agreement with most protective 
engineers who feel justified in demanding 
that the protective equipment operate with 
at least the same degree of promptness on 
these balanced faults as on any other type. 


J. H. Neher (Philadelphia Electric Com- 
pany, Philadelphia, Pa.): Mr. Mason is to 
be congratulated on his excellent presenta- 
tion of the complicated factors involved in 
the analysis of relay performance during 
out-of-step conditions on a transmission 
system. 
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In presenting the operating characteris- 
tics of the various types of relays involved, 
Mr. Mason has employed a somewhat 
different method than I have used in my 
paper. I should like to emphasize the point, 
therefore, that whichever method you prefer 
to use, that method is equally applicable 
in determining the performance of the relay 
under either out-of-step or fault conditions. 
In other words, the operation of a relay 
under short circuit conditions may be de- 
termined by applying the currents and 
voltages given in table I of my paper to the 
characteristic figures in Mr. Mason’s paper, 
and, conversely, the impedance presented to 
the relay under out of step conditions as 
determined by Mr. Mason may be plotted 
against the characteristic impedance circle 
for the relay as I have described. 

In this connection it is necessary to point 
out that equation 7 in Mr. Mason’s paper 
gives the impedance presented to the relay 
as a scalar quantity, whereas it must be 
employed as a vector quantity in the 
graphical method which I have described. 
Equation 6 may be readily transformed into 
a vector expression for impedance and may 
be written using polar notation as follows: 
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This equation when plotted for a given 
value of Z’ Z¢,' and for all possible values 
of @ yields a series of parallel straight lines 
one for each value of m assumed. This is 
shown in figure 1 of this discussion in which 
the constants employed are the same as 
those in Mr. Mason’s paper. The plus 
sign only of the equation has been used and 
the equivalent effect of the minus sign has 
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been obtained by reversing the relay circle 
for breakers 2, 4, and 6. Considering the 
relay operation for breaker 3 at station C, as 
the system pulls out of step with source A 
leading source F, the impedance sweeps in 
from infinity on the right, passes through 
the relay circle shown (during which time 
the relay will operate) and then on to in- 
finity on the left, very much in the manner 
of a comet. The relay operation at the 
other breakers may be illustrated in a 
similar manner. 

The relay circles shown are those charac- 
teristic of directional elements with voltage 
restraint, but they may be drawn to fit the 
particular type of element and setting em- 
ployed. The characteristic circle for a 
directional element without voltage re- 
straint is a straight line passing through the 
origin drawn at a slope dependent upon its 
connections and its internal characteristic 
angle. 


Capacitance Control of 
Voltage Distribution 
in Multibreak Breakers 


Discussion of a paper by R. C. Van Sickle 
published in the August 1937 issue, pages 
1018-24, and presented for oral discussion 
at the development of protective equipment 
session of the Pacific Coast convention, Spo- 
kane, Wash., August 31, 1937. 


J. B. MacNeill (Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa.): The uneven distribution of 
voltage between breaks of a metal-tank cir- 
cuit breaker has been known for several 
years. This unbalance is caused primarily 
by the relatively large electrostatic capaci- 
tance of the grounded tank relative to the 
capacitance of the contact parts. The 
voltage balance depends on the type of 
short circuit, whether grounded or un- 
grounded, as well as the spacings and capaci- 
tances of the parts involved. 

It has been claimed by some that the 
unbalance referred to could not be disposed 
of in a commercial structure of the con- 
ventional type, and therefore radically 
different structures eliminating the metal 
tank have been proposed. This is not 
necessary, however, and the safety and 
ruggedness of the grounded tank still may 
be used, as shown by Mr. Van Sickle. 

In 1929 and 1930 the general idea of 
using capacitance to balance that of the 
tank was used when the deion grids on the 
Plymouth Meeting 220-kv breakers of the 
Philadelphia Electric Company were de- 
signed with plate condensers in the upper 
units. Several other applications of the 
same principle have been since made. 

The 3-cycle Boulder Dam 287-kv breakers 
required a more intensive application of the 
shunt capacitance principle, since over-all 
operation at this voltage made necessary 
complete duration of arcing of not over 
11/, cycles. 

A paper in the AIKE for June 1937 by 
Wilcox and Leeds discussed these breakers 
and showed the performance well within 3 
cycles on a 60-cycle basis can be expected 
during short circuit duty. Mr. Van Sickle’s 
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paper covers the methods of securing volt- 
age distribution used in that design. The 
fact of proper distribution has been proved 
by several types of test: 


1. Low-voltage electrostatic tests 
2. High-voltage electrostatic tests 


3. High-voltage dynamic tests using high-power 
laboratory 


All 3 methods have borne out very closely 
the results expected from simple calcula- 
tions of the electrostatic factors involved. 
Such calculations on a pure capacitance 
basis are slightly pessimistic, as the natural 
resistance characteristic of arcs in the inter- 
rupting devices tend to better the distri- 
bution. ‘ 

Where exceedingly short times for switch- 
ing are required at very high voltages, it 
must be conceded that some device to 
secure adequate distribution of voltage 
must be used. Recent claims for high speed 
at high voltages for devices which have 
inherently bad unbalance between breaks 
must be discounted as probably due to low 
rates of restored voltage. This will be seen 
if we look at figure 3 of Mr. Van Sickle’s 
paper. Notice that in the curve for 8 
breaks, the line break must handle 30 per 
cent of the total voltage across the pole 
unit, while on the other hand the last 4 
breaks near ground total only 22 per cent, or 
less than the first single break. The ten- 
dency of the first break to re-establish an arc 
after current zero on a difficult high-voltage 
circuit is obvious. 

On the other hand, figure 4 shows for 8 
breaks that when proper devices for voltage 
balance are used, the first break handles 
only 16 per cent of the voltage across the 
pole unit, and the last 4 breaks average 10 
per cent each and total 40 per cent of the 
pole unit voltage. 

The design factors involved in very high 
speed, high-voltage breakers make these 
differences in voltage distribution a major 
factor in the ability of a design to handle 
difficult circuits, which at 230,000 volts or 
higher may have restored voltage rates of 
4,000 to 6,000 volts per microsecond. 


C. A. Powel (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The multibreak circuit breaker is not 
new. Many years ago several manufac- 
turers introduced various designs of such 
breakers but their performance was not 
strikingly better than that of ordinary 2- 
break breakers, in fact, generally not as 
good. In a paper presented to the first 
International Conference on High Voltage 
Systems in Paris in 1921, the writer pointed 
out that unless some means was found to 
reduce the total length of the arc, the vol- 
ume of gas generated by a multiplicity of 
breaks was increased and arc interruption 
was made more difficult. A serious diffi- 
culty, which was not fully understood at the 
time, was the proper distribution, after 
current zero, of the voltage across the many 
breaks which tended to restrike and prevent 
extinction of the arcs. With the introduc- 
tion of the ‘“‘deion”’ grid, the are energy and 
formation of gas was enormously reduced 
and the multibreak idea became interesting 
if an over-all opening time of less then 8 
cycles, which had been reached with the 
conventional 2-break design, was required. 


Discussions 


The difficulty of proper distribution of the 
voltage over the various breaks, however, 
still remained, and how it was solved is 
admirably explained in Mr. Van Sickle’s 
paper. In the great majority of cases 
stability is the factor which determines the 
selection of breaker opening time, and the 
conventional 8-cycle breaker economically 
meets most operating requirements. In 
some few cases, however, a shorter time of 
opening can be justified and it is a satis- 
faction to know that where such an appli- 
cation proves economical, a design of 
breaker is available which is not radically 
different from that used for years. 


The Ultrahigh-Speed 
Reclosing Expulsion 


Oil Circuit Breaker 


Discussion and author's closure of a paper by 
A. C. Schwager published in the August 
1937 issue, pages 968-70, and presented 
for oral discussion at the development of 
protective equipment session of the Pacific 
Coast convention, Spokane, Wash., August 
hh ICR 


W. F. Skeats (General Electric Company, 
Philadelphia, Pa.): Mr. Schwager has de- 
veloped a mechanism for making the com- 
plete opening and closing strokes of a 69- 
ky breaker within half a second. This will 
undoubtedly find an application in con- 
nection with interrupting devices which 
cannot be relied upon to clear appreciably 
before the end of the stroke and in cases 
where the shorter reclosing times which 
have been reported by other authors are 
not considered necessary. It appears, 
however, that this mechanism must com- 
plete its closing stroke before starting to 
open, so that the trip-free feature which is 
now applied very widely on large oil cir- 
cuit breakers has been sacrificed. 

In evaluating the tests which are listed, it 
would be interesting to know the interrupt- 
ing capacity rating of the breakers tested. 
Without this information, it is not clear 
whether the tests were made on breakers of 
low interrupting capacity or whether the 
power available for testing was considerably 
less than the breaker rating. In the second 
case, while the tests no doubt establish the 
adequacy of the interrupting devices for 
the duty at which they are to be applied, it 
cannot be inferred without further proof 
that the interrupting capacity of the breaker 
is not modified by the short interval be- 
tween interruptions. 

It is noted that the duration of the second 
short circuit at figure 5 is approximately 14 
cycles as against a little over 8 cycles for the 
firstinterruption. Thisis apparently due to 
the fact that in the second interruption was 
a closing-opening operation in which the 
breaker was delayed by the fact that the 
mechanism is not trip-free, but has to close 
all the way home before it can start to open. 


A. C. Schwager: Mr. Skeats discusses the 
reclosing mechanism developed for 69-kv 
breakers and points out that the reclosing 
time of 1/, second is larger than that en- 
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countered on some more recently built 
mechanisms. The mechanism shown in 
figure 3 is the first motor-operated reclosing 
control installed in the United States and 
fully meets the requirements for which it 
was designed. It is believed that a control 
of this type will find application in a great 
many cases. However, in order to meet 
special requirements for still shorter reclos- 
ing times changes have been incorporated in 
more recent designs. These changes mainly 
consist of using a spring of smaller diameter, 
thereby reducing the moment of inertia and 
increasing the speed of operation. The dura- 
tion of the second short circuit referred to 
in the third paragraph of Mr. Skeats’ dis- 
cussion (which in the case shown includes 
relay time) is thereby reduced to a value 
which is equal to or smaller than that ob- 
tained with any modern “trip free in any 
position’? mechanism. 

The short-circuiting tests described were 
performed on a 69-kv breaker which was 
equipped with expulsion contacts at the 
time of the installation of the control. The 
tests were not intended to be short-circuit- 
ing tests of the 1,000,000-kva breaker, but 
were to establish the performance of the 
breaker under fast reclosing service at 
maximum system load. The absence of 
carbonization and tank pressures indicate, 
however, that the breaker was stressed to a 
fraction of its full rating only. 

The “‘trip free in any position ’’ feature 
mentioned deserves a more detailed dis- 
cussion. It is, of course, evident that the 
“electrically trip free’? and ‘‘mechanically 
trip fre.’ feature generally applied on 
breakers is retained in this mechanism. 
Mr. Skeats, in all probability, refers to the 
“trip free in any position of the closing 
stroke” feature. 

This feature, in my opinion, has become 
of minor importance with the design of 
breakers using high-pressure contacts or 
butt-type contacts. Approximately one 
inch of travel is allowed in these breakers 
from the ‘‘contact touch” to the fully closed 
position. With the closing speeds used in 
present-day breakers, the blade cannot help 
but to go fully closed even if the breaker were 
tripped at the instant the contacts touch. 
With relays interposed it is even more im- 
possible for these breakers not to go fully 
closed when closed into a short circuit. 
There are definite advantages in omitting 
the collapsible link which is normally 
identified with the term “trip free in any 
position” and which has been used on 
“modern” controls for the last 30 years. 
With its use the blade has to be accelerated 
by the opening spring exclusively whereas 
with the motor control described, the kinetic 
energy contained in the fast-moving spring 
is immediately and completely converted 
into opening speed. 

Since modern arc-rupturing devices are 
dependent on operation above a definite 
minimum speed the use of this control gives 
assurance of fool-proof performance which 
cannot be expected of a breaker which has to 
be relied upon to accelerate in the part of 
the stroke where interruption should take 
place. In other words, the breaker cannot 
hang within the arc-rupturing devices. 

It is believed that the intentional omis- 
sion of the obsolete collapsible link mechan- 
ism is highly desirable from an operating 
standpoint alone, however, since it permits 
the design of such a mechanically simple 
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and fool-proof control as described it seems 


to be doubly justified. Experience with 
this modern control will undoubtedly con- 
firm this idea. 


A Comprehensive Method of 


Determining the Performance 
of Distance Relays 


Discussion and author's closure of a paper 
by J. H. Neher published in the July 1937 
issue, pages 833-44, and presented for oral 
discussion at the development of protective 
equipment session of the Pacific Coast con- 
vention, Spokane, Wash., August 31, 1937. 


L. F. Kennedy (General Electric Company, 
Philadelphia, Pa.): Mr. Neher deserves the 
thanks of all protective engineers for the work 
he has put forth in preparing the formulas 
included in table II. I have some idea of 
the vast amount of time necessary for its 
preparation. Many are familiar with the 
changes of distance relay indications be- 
tween 3-phase faults and phase-to-phase 
faults when star-connected current trans- 
formers are used. Few, however, know 
the indications under all the conditions 
covered by this paper. 

I am afraid that the author’s work will 
not be made use of by many relay engineers 
because of lack of time and facilities for the 
necessary calculations. I should like to 
suggest that the formulas in table II be 
supplemented by actual figures for an as- 
sumed typicalsystem. Such an effort would 
not represent a great amount of work in 
addition to that already done and would 
certainly make the author’s efforts of real 
value. 


C. R. Mason (General Electric Company, 
Schenectady, N. Y.): Some of your best 
friends are those you take the longest 
to get acquainted with. If you should 
feel that Mr. Neher’s paper is a reticent 
sort of neighbor, I suggest that you proceed 
carefully but studiously toward making its 
acquaintance. It is my feeling that it 
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will then be numbered among your choicest 
possessions. 

Supplementing the excellent treatments 
by Lewis and Tippet and by Calabrese, Mr. 
Neher’s paper sheds new light on the sub- 
ject. Perhaps I should say light at a differ- 
ent angle. For, in this paper the conception 
of impedance at an angle is skillfully 
handled. For example, the operating 
characteristic of a relay which functions 
according to 3 variables, such as most dis- 
tance and directional relays, is very con- 
veniently drawn to 2 dimensions without 
parameters to confuse the picture. Then 
all possible types of faults are expressed in 
the same manner, and conveniently tabu- 
lated. This in itself represents a creditable 
contribution. 

This method of treatment is particularly 
valuable where one is confronted by the 
problem of determining a new shape for a 
relay characteristic to fit certain special 
requirements. The requirements can be 
plotted in the form of impedance at an 
angle and then a relay curve or portions of 
curves can be drawn to fit the requirements. 
The methods of this paper thus operate 
conveniently either way—to find out how a 
given relay will operate under prescribed 
conditions or to devise a relay or a combina- 
tion of relays to operate in a desired manner. 

If a fourth variable, time, should be 
involved, this can still be cared for by the 
use of parameters. 

Mr. Neher’s methods provide a very 
powerful analytical tool which is well worth 
having on your work bench. 


J. H. Neher: I wish to thank Messrs. 
Kennedy and Mason for their very kind 
remarks about this paper. I feel obliged 
to point out the fact, which was displayed 
too inconspicuously as a footnote in the 
printed copy, that I am indebted to their 
associate, Mr. Warrington for a good deal 
for which they are giving me credit. 

Mr. Kennedy has suggested that the 
formulas in table II be supplemented by 
actual figures for an assumed typical system. 
I hesitate to do this because, as I have en- 
deavored to point out, in some cases the 
impedance presented to a relay under a 
given fault condition is only a function of the 
effective line impedance between the relay 
and the point of fault, and in other cases it is 
dependent upon the system set-up as well. 
This can be determined by inspection of 
table II by noting whether or not the ex- 
pressions for the impedance presented to the 
relay involve factors dependent upon the 
system set-up. In cases where the effect 
of system capacity is manifest, any figures 
which might be included based on an as- 
sumed system, would apply only to the 
particular system set-up assumed and might 
lead to erroneous conclusions if one were to 
generalize from them. 

In preparing a paper of this kind the 
elimination of errors in the mathematical 
text is difficult. On page 834 directly below 
equation number 3 a square root sign should 
appear over the numerator of the expression 
given in the text for the radius of the circle. 
In table II the factors C and C’ have been 
incorrectly printed in small letters in 
columns 5 and 8, lines 8 and 10. Also, in 
the first 2 lines of the seventh column a 
small z has been omitted in the denomina- 
tors after the factor small c. 
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News 


Of Tustitute ame Related Activities 


AIEE Winter Convention 
to Feature Enlarged Program 


1k PROVIDE added interest for the 
specialist as well as the average member, 
an enlarged program of 16 technical sessions 
and 1 general interest session has been 
tentatively arranged for the 1938 AIEE 
winter convention, which will be held in 
New York, N. Y., January 24-28. Sessions 
will be held both mornings and afternoons 
beginning on Monday and _ continuing 


through Thursday. Friday, the fifth day, 
will be devoted exclusively to inspection 
trips to places of interest in the city and its 
environs. The main social events will con- 
sist of the smoker and the dinner-dance, 
which will be held in the evenings. In view 
of the popularity of last year’s cruise, 
another post-convention cruise to Bermuda 
will be arranged by Leon V. Arnold. More 


information regarding these features will be 
announced in the January issue. 


TECHNICAL SESSIONS 


Of the 16 technical sessions tentatively 
arranged, 5 sessions are symposia. The 
symposium on modern electric vehicles will 
be held in both the morning and afternoon 
of the same day with interim for luncheon; 
the papers will deal with modern develop- 
ments and experience with electric vehicles 
used in urban transportation. Similarly, 
two electronics symposia will be held: 
The first will treat the speed control of 
motors, and operating experience; the sec- 
ond, electronic applications and the slide- 


Communication 


CouPLING BETWEEN PARALLEL EARTH-RETURN 

Circuits UNDER D-C TRANSIENT CONDITIONS, 

K. E. Gould, Bell Telephone Laboratories, Inc. 
September issue, pages 1159-64 


*PRINTING TELEGRAPH OPERATION OF WAY 
Wirgs, G. S. Vernam, Postal Telegraph-Cable 
Company. 


*ELECTRICAL REMOTE CONTROL ACCOUNTING, L. F. 
Woodruff, Massachusetts Institute of Technology. 


A New SINGLE-CHANNEL CARRIER TELEPHONE 

System, H. J. Fisher, M. L. Almquist, and R. H. 

Mills, Bell Telephone Laboratories, Inc. 
Scheduled for January issue 


Symposium on Modern Electric Vehicles 


APPLICATION OF MODERN ELECTRIC VEHICLES TO 
URBAN TRANSPORTATION, C. M. Davis, General 
Electric Company. Scheduled for January issue 


ELECTRICAL EQUIPMENT FOR MODERN URBAN 
SurFAcE TRANsIT, S. B. Cooper, Westinghouse 
Electric & Manufacturing Company. 

Scheduled for January issue 


*GENERAL FEATURES OF THE P.C.C. Car, C. F. 
Hirshfeld, Transit Research Corporation. 


*OPERATING EXPERIENCE WITH P.C.C. Car, 
Thomas Fitzgerald, Pittsburgh Railways Company. 


Symposium on a New 
Carrier Telephone System for Toll Cable 


Introductory Address: BrRoap-BAND WIRE TRANS- 
MISSION SysteMs, H. A. Affel, Bell Telephone 
Laboratories, Inc. 


*A CARRIER TELEPHONE SYSTEM FOR TOLL CABLES, 
C. W. Green and E. I. Green, Bell Telephone 
Laboratories, Inc. 


*CABLE CARRIER TELEPHONE TERMINALS, R. W. 
Chesnut, L. M. Ilgenfritz and A. Kenner, Bell 
Telephone Laboratories, Inc. 


* Subject to approval for presentation, preprints of 
these papers will be made available. If ordered by 
mail, price 10¢ per copy. If purchased at head- 
quarters, price 5¢ per copy. 


Tentative Technical Program 


In this program page references 
are given for papers that have 
been or will be published in 
ELECTRICAL ENGINEERING up 
to and including January 1938. 


*“CrySTAL CHANNEL FILTERS FOR THE CABLE 
CARRIER SystEeM, C. E. Lane, Bell Telephone 
Laboratories, Inc. 


*Cross TALK AND NOISE FEATURES OF THE CABLE 
CARRIER SysteM, M. A. Weaver, R. S. Tucker, 
and P. S. Darnell, Bell Telephone Laboratories, Inc. 


Symposium on Modern Electric Vehicles— 
Continued 


*MopERN City TRANSPORTATION, E. J. Mcllraith, 
Chicago Surface Lines. 


MopDERN TROLLEY-COACH OPERATION, 
Dana, Boston: Elevated Railway. 
December issue, pages 1461-63 


Edward 


Mopern TROLLEy-CoacH Operation, J. H. Pol- 
hemus, Portland Electric Power Company. 
December issue, pages 1483-86 


*OPERATING EXPERIENCE WITH Gas-ELEcTRIC 
AND DiesEL-E.LEcrric Bussgs, R. H. Stier, Phila- 
delphia Rapid Transit Company. 


*EXPERIENCE WITH DIESEL-ELECTRIC BUSSES AND 
ALL-SERVICE VEHICLES, M. R. Boylan, Public 
Service Coordinated Transport. 


Lightning Protection 


CHARACTERISTICS OF THE NEW STATION-TyPE 
AUTOVALVE LIGHTNING ARRESTER, W. G. Roman, 
Westinghouse Electric & Manufacturing Company. 

July issue, pages 819-22 


*DISCHARGE CURRENTS IN DISTRIBUTION ARREST- 
ERS—Part II, K, B. McEachron and W. A. Mc- 
Morris, General Electric Company, 


*DISTRIBUTION TRANSFORMER LIGHTNING PRO- 
TECTION Practice, L. G. Smith, Consolidated Gas, 
Electric Light and Power Company, 


SoME ENGINEERING FEATURES OF PETERSEN 
Corrs AND THEIR AppLicaTIon, E. M. Hunter, 
General Electric Company. 

Scheduled for January issue 


*TEST AND OPERATION OF PETERSEN COIL ON 
100-Kv SystEM oF PusLiIc SERVICE COMPANY OF 
CoLtorapvo, W. D. Hardaway, Public Service 
Company of Colorado, and W. W. Lewis, General 
Electric Company. 


Symposium on Electronics—I 


*ELECTRONIC SPEED CONTROL OF Motors, E. F. W. 
Alexanderson, General Electric Company, C. H. 
Willis, Princeton University, and M. A. Edwards, 
General Electric Company. 


OPERATING EXPERIENCE WITH THE THYRATRON 
Moror, A. H. Beiler, American Gas and Electric 
Company. Scheduled for January issue 


*PHANOTRON RECTIFIERS AS A DiRECT CURRENT 
SupPPLY FOR ELEVATOR Morors, C, C. Clymer and 
R, G. Lorraine, General Electric Company. 


*THYRATRON CONTROL OF DirEcT CURRENT Mo- 
tors, G. W. Garman, General Electric Company. 


Relays and Reactors 


A System Our oF STEP AND Its RELAY REQUIRE- 
MENTS, L. C. Crichton, Westinghouse Electric 
& Manufacturing Company. 

October issue, pages 1261-67 


A HicuH-Srperep DIsTANCE-TyPE CARRIER PILOT 
RevAy System, E, L. Harder, B. E. Lenehan, and 
S. L. Goldsborough, Westinghouse Electric & 
Manufacturing Company. 

Scheduled for January issue 


*THE APPLICATION AND PERFORMANCE OF CARRIER 
CURRENT RELAyING, Philip Sporn and C. A. 
Muller, American Gas and Electric Company. 


TEMPERATURE LIMITS FOR SHORT-TIME OVER- 
LOADS FOR OIL-INSULATED NEUTRAL GROUND- 
ING REACTORS AND TRANSFORMERS, V. M. Mont- 
singer, General Electric Company. 

Scheduled for January issue 


*HARMONIC CURRENT RESTRAINED RELAYS FOR 
DIFFERENTIAL Protection, L. F. Kennedy and 
C. D. Hayward, General Electric Company. 


*SOME SCHEMES OF CURRENT-LIMITING REACTOR 
Appuications, F. H, Kierstead, General Electric 
Company. 
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back voltmeter, theater lighting, welding, 


and a new type of vacuum seal. The fifth 


symposium will deal with a new carrier 
telephone system for toll cable. Also in the 
communication field, there will be a general 
communication session and another session 
on the subject of television and broad band 
transmission. The remainder of the pro- 
gram is comprised of sessions on the sub- 
jects of lightning protection, relays and 
reactors, instruments and measurements, 
electric welding, basic sciences, power 
transmission, cables and research, and two 
sessions on electrical machinery. For the 
general session arrangements are being 
made to obtain a prominent speaker on a 
subject of broad interest to the engineering 
profession. 


TECHNICAL CONFERENCES 


During the convention, technical confer- 
ences will be held on the subjects of educa- 
tion, field problems, network analysis and 
synthesis, electrical units, sound and vibra- 
tion. The technical conferences are in- 
tended to afford opportunity for groups of 


specialists to meet and discuss subjects 
informally, no provision being made for the 
publication of the papers or the discussions 
in the TRANSACTIONS. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At other sessions, papers 
will be presented in abstract, ten minutes 
being allowed for each paper unless other- 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot- 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is opened for general 
discussion. Usually five minutes is allowed 
to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss sevéral papers not 


dealing with the same general subject, he 
may be permitted to have a somewhat 
longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser should step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussions to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S. Rich, 
secretary, technical program committee, 
AIEE headquarters, 33 West 39th St., 
New York, N. Y., on or before February 
11, 1988. Discussion received after this 
date will not be accepted. 

The personnel of the 1938 winter con- 
vention committee is as follows: T. F. 
Barton, chairman, C. R. Beardsley, O. B. 
Blackwell, G. E. Dean, A. F. Dixon, E. E. 
Dorting, H. S. Osborne, C. S. Purnell, 
George Sutherland, and F. P. West. 
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Tentative Technical Program—Continued 


Symposium on Electronics—II 


*SHarP Cut-OrrF IN VAcuuM TUBES, WITH Ap- 
PLICATIONS TO THE SLIDE-BAcK VOLTMETER, 
C.B. Aiken, Purdue University, and L. C. Birdsall, 
Glencoe, Ill. 


*THYRATRON REACTOR LIGHTING ConTrRoL, E. D. 
Schneider, General Electric Company. 


*AN ELECTRONIC ARC-LENGTH MONITOR, Walther 
Richter, A. O. Smith Corporation. 


*A New Type Vacuum Seat, W. E. Bahls, West- 
inghouse Electric & Manufacturing Company. 


Instruments and Measurements 


*A NEw ALTERNATING-CURRENT NETWORK ANA- 
LyzeR, H. P. Kuehni and R. G. Lorraine, General 
Electric Company. 


¥*A STABILIZED AMPLIFIER FOR MEASUREMENT 
Purposes, H. A. Thompson, General Electric 
Company. 


ELECTRICAL STUDIES OF LivinGc TissuE—II—Cor- 
RELATION BETWEEN TISSUE RESPONSE AND 
VoLTAGE DistripuTion, A. G. Conrad, H. W. 
Haggard, and B. R. Teare, Yale University. 
Scheduled for January issue 


A New CorRELATION OF SPHERE Gap Data, D. W. 


Ver Planck, Yale University. : 
Scheduled for January issue 


Electric Welding 


RECENT ADVANCES IN RESISTANCE WELDING, AIEE 
Resistance Welding Subcommittee, C. L. Pfeiffer, 
chairman. Scheduled for January issue 


MECHANICAL HIGH-SPEED RESISTANCE-WELDER 
Controt, F. H. Roby, Square D Company. 
September issue, pages 1145-48 


*INTERPRETATION OF OSCILLOGRAMS OF ARC- 
WeLpING GENERATORS IN TERMS OF WELDING 
Perrormancs, K. L. Hansen, Harnischfeger Cor- 


poration. 

*THE RATING OF RESISTANCE-WELDING TRANS- 
rormErs, C. E. Heitman, Edward G. Budd Manu- 
facturing Company. 


Basic Sciences 


MATRICES IN ENGINEERING, L. A. Pipes, The Rice 
Institute. September issue, pages 1177-90 


*RESONANT NONLINEAR CONTROL Circuits, W. T. 
Thomson, Alameda, Calif. 


*SUBHARMONICS IN CIRCUITS CONTAINING IRON, 
I. A. Travis and C. N. Weygandt, University of 
Pennsylvania. 


*THE PROPERTIES OF THREE-PHASE SYSTEMS DE- 
DUCED WITH THE AID oF Marricss, M. B. Reed, 
The University of Texas. 


*CRITICAL CONDITIONS IN FERRO-RESONANCE, 
P. H, Odessey and Ernst Weber, The Polytechnic 
Institute of Brooklyn. 


Power Transmission 


*TRANSMISSION LINE TRANSIENTS IN MOTION 
Pictures, L. F. Woodruff, Massachusetts Institute 
of Technology. 


*LIGHTNING STRENGTH OF WooD IN TRANSMISSION 
Structures, Philip Sporn, American Gas and 
Electric Company, and J. T. Lusignan, Ohio 
Brass Company. 


*RECOVERY-VOLTAGE CHARACTERISTICS OF TYPI- 
CAL TRANSMISSION SYSTEMS AND RELATION TO 
PROTECTOR-TUBE APPLICATION, R. D. Evans and 
A. C. Monteith, Westinghouse Electric & Manu- 
facturing Company. 


SwITcHING SuRGES WITH TRANSFORMER LOAD- 

Ratio Controt Contactors, L. F. Blume and 

L. V. Bewley, General Electric Company. 
December issue, pages 1464-75. 


*SAFETY FEATURES FOR THE JOINT USE oF Woop 
PoLtes CARRYING COMMUNICATION CIRCUITS AND 
PowkER DISTRIBUTION CirRcuITs ABove 5,000 
Votts, J. O’R. Coleman, Edison Electric Institute, 
and A. H. Schirmer, Bell Telephone Laboratories, 


Inc. 


Electrical Machinery—I 


Co-ORDINATION OF POWER TRANSFORMERS FOR 
STeEP-FRoNT ImpuLsE WaveEs, V. M. Montsinger, 
General Electric Company. 


CoRONA VOLTAGES OF TYPICAL TRANSFORMER 
INSULATIONS UNDER OIL, F. J. Vogel, Westinghouse 
Electric & Manufacturing Company. 

Scheduled for January issue 


A FORMULA FOR THE REACTANCE OF THE INTER 
LEAVED Component, H. B. Dwight and L. S 
Dzung, Massachusetts Institute of Technology 

November issue, pages 1368-71 


*STABILITY CHARACTERISTICS OF TURBINE GENERA- 
Tors, C. Concordia, S. B. Crary, and J. M. 
Lyons, General Electric Company. 


Cables and Research 


Om OxIDATION IN IMPREGNATED PAPER, J. B. 

Whitehead, The Johns Hopkins University, and 

T. B. Jones, Bell Telephone Laboratories, Inc. 
December issue, pages 1492-1502 


*MECHANICAL UNIFORMITY OF PAPER-INSULATED 
Capiz, K. S. Wyatt, D. L. Smart, and J. M. 
Reynar, The Detroit Edison Company. 


*ToR CURRENT-CARRYING CAPACITY OF RUBBER- 
INSULATED ConpuctTors, S. J. Rosch, Anaconda 
Wire & Cable Company. 


SHortT-CircuIr PROTECTION OF DISTRIBUTION 
NETWORKS BY THE Use or LimiTsrs, C. P. Xenis, 
Consolidated Edison Company of New York, Inc. 

September issue, pages 1191-96 


Television 


Address: CURRENT FIELD WoRK IN TELEVISION 
Ralph R. Beal, Radio Corporation of America. 


Address: New BroAp-BAND TELEPHONE SYSTEM 
H. A. Affel, Bell Telephone Laboratories, Inc. 


Electrical Machinery—II 


Srray-Loap Lossgs or D-C Macuings, E. W. 
Schilling, Michigan College of Mining and Tech- 
nology, and R. W. Koopman, University of Kansas. 

December issue, pages 1487-91 


D-C Macuine Srray-Loap-Loss Tssts, Victor 
Siegfried, Worcester Polytechnic Institute. 
October issue, pages 1285-89 


UNSYMMETRICAL SHORT-CIRCUITS ON WATER- 
WHEEL GENERATORS UNDER CAPACITIVE LOADING, 
C. F. Wagner, Westinghouse Electric & Manufac- 
turing Company. November issue, pages 1385-95 


ALTERNATOR SHORT-CIRCUIT CURRENTS UNDER 
UNSYMMETRICAL TERMINAL CONDITIONS, A. R. 
Miller and W. S. Weil, Jr., Lehigh University. 

October issue, pages 1268-76 
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AIEE Board of Directors 


Meets at Institute Headquarters 


Tue regular meeting of the board of 
directors of the American Institute of Elec- 
trical Engineers was held at Institute head- 
quarters, New York, on October 28, 1937. 

There were present: President—W. H. 
Harrison, New York, N. Y. /Past-Presi- 
dents—A. M. MacCutcheon, Cleveland, 
Ohio; J. B. Whitehead, Baltimore, Md. 
Vice-Presidents—O. B. Blackwell, New 
York, N. Y.; C. Francis Harding, Lafayette, 
Ind.; M. J. McHenry, Toronto, Ont.; 
I. Melville Stein, Philadelphia, Pa.; A. C. 
Stevens, Schenectady, N. Y.; Edwin D. 
Wood, Louisville, Ky. Dzérectors—C. R. 
Beardsley, Brooklyn, N. Y.; V. Bush, Cam- 
bridge, Mass.; N. E. Funk, Philadelphia, 
Pa.; F. Ellis Johnson, Columbia, Mo.; 
C. R. Jones, New York, N. Y.; W. B. 
Kouwenhoven, Baltimore, Md.; F. H. 
Lane, Chicago, Ill.; K. B. McKachron, 
Pittsfield, Mass.; C. A. Powel, East Pitts- 
burgh, Pa.; R. W. Sorensen, Pasadena, 
Calif. National Treasurer—W. I. Slichter, 
New York, N. Y. National Secretary— 
H.H. Henline, New York, N.Y. Present by 
invitation: V. M. Montsinger, chairman, 
standards committee. 

Minutes of the meeting of the board of 
directors held August 3, 19387, were ap- 
proved. 

Representatives and alternates of the 
Institute on other organizations were ap- 
pointed as follows: 


United Engineering Trustees, Inc.—for 4-year term 
beginning in October 1937: F. M. Farmer. 
American Engineering Council Assembly—for 
calendar year 1938: C. O. Bickelhaupt, chairman, 
AIEE deiegation; C. Francis Harding; William 
McClellan; C. E. Stephens; H. H. Henline, alter- 
nate. President W. H. Harrison is the fifth 
representative of the Institute, for the term August 
1, 1937, to August 1, 1938. 

Standards Council, ASA—for 3-year term beginning 
January 1, 1938: E. L. Moreland. Alternates for 
calendar year 1938: R. E. Hellmund; H. H. 
Henline; H. S. Osborne. 

Engineers’ Council for Professional Development— 
for 3-year term beginning in October 1937: 
F. Ellis Johnsen. 


The following were appointed for the year 
beginning August 1, 1937: 


Committee of Apparatus Makers and Users, Na- 
tional Research Council: L, F. Adams. 


Electrical Standards Committee, ASA (and, ex- 
officio, United States National Committee of the 
International Electrotechnical Commission): 
A. M. MacCutcheon; V. M. Montsinger; H. S. 
Osborne. Alternates: H. E. Farrer; R. E. Hell- 
mund; E. L. Moreland. 


Committee on Heat Transmission, National Re- 
search Council: T. S. Taylor. 


Committee on Low Voltage Hazards, ASSE Engi- 
neering Section, National Safety Council: F. v. 
Magalhaes. 


Electrical Committee, National Fire Protection 
Association: F. V. Magalhaes. 


National Fire Waste Council: 


Wills Maclachlan, 
H. S. Warren. 


It was decided to discontinue the appoint- 
ment of representatives upon the following 
bodies, reports having been received of in- 
activity of the organization or of no further 
need for Institute representation: American 
Marine Standards Committee, and the 
Radio Advisory Committee of the National 
Bureau of Standards. 

The following actions of the executive 
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committee under date of September 20, 
1937, were reported and confirmed: 4 
applicants transferred to grade of Fellow; 
20 applicants transferred and 7 elected to 
the grade of Member; 57 applicants elected 
to the grade of Associate; 32 Students 
enrolled. 

Reports were presented and approved of 
meetings of the board of examiners held on 
September 16 and October 14, 1937. Upon 
recommendation of the board of examiners, 
the following actions were taken: 13 appli- 
cants were elected and one applicant was 
reinstated to the grade of Member; 50 ap- 
plicants were elected to the grade of Associ- 
ate; 843 Students were enrolled. 

Monthly disbursements were reported 
by the finance committee and approved by 
the board of directors as follows: August, 
$24,804.67; September, $19,296.69; Octo- 
ber, $35,234.32. 

Upon the recommendation of the finance 
committee, the board authorized the trans- 
fer of the sum of $7,500 from last year’s 
surplus in general funds to the reserve capi- 
tal fund, and its investment in General 
Motors Acceptance Corporation bonds; and 
appropriated from last year’s surplus the 
sum of $1,500 for the Institute’s share of the 
cost of new book stacks for the Engineering 
Societies Library. 

A budget, which had been prepared by 
the finance committee, was adopted for the 
appropriation year beginning October 1, 
1937. Detailed budget information may be 
found on other pages in this issue. 

The budget included provision for the re- 
establishment of cash prizes of $100 each for 
the national prize for initial paper and the 
national prize for Branch paper and of $25 
each for the District prizes for initial papers, 
as recommended by the committee on award 
of Institute prizes if complete restoration 
this year of all cash prizes should not be 
considered practicable; also for the con- 
tinuation of the cash prizes of $25 each for 
the District prizes for Branch papers. 

A revised publication policy was adopted, 
as recommended by the publication com- 
mittee. (Announcement was made in ELEc- 
TRICAL ENGINEERING for November 1937, 
page 1409.) 

The chairman of the publication com- 
mittee reported on the sales of the ‘‘Light- 
ning Reference Book,’’ which had been pre- 
pared by a subcommittee of the committee 
on power transmission and distribution and 
published by the AIEE. The sales indicate 
that the project will be self-sustaining. 

Upon recommendation of the Section and 
District officers concerned, the board 
approved the dates, August 9-12, 1938, for 
the Pacific Coast convention to be held at 
Portland, Oregon. 

Sections 81 and 68 of the by-laws were 
amended as follows, to bring them in accord 
with action of the board of directors, in 
June 1937, in approving certain recommen- 
dations of the committee on safety codes, 
which included a change in name of the 
committee to ‘committee on safety”: 

Section 81 changed to read: 


Sec. 81. The committee on safety shall consist of 
15 members, and shall consider and investigate 
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matters relating to the protection of persons and — 
property against hazard due to or resultant upon 

the presence of electricity or the use of electrical - 
apparatus, material, and appliances, and shall re- 

port to the board of directors such recommenda- 

tions thereon as it shal] deem desirable for action by 

the Institute. To this end it shall encourage and 

co-ordinate safety considerations by other Institute 

committees in their respective fields, and with the 

approval of the board of directors, may arrange for 

co-operative relations with other bodies in the con- 

sideration of electrical hazard. 


The first sentence of section 68 changed 
to read: 


Sec. 68. The technical program committee shall 
consist of 9 members; and the chairman of each 
technical committee, the chairman of the committee 
on co-ordination of Institute activities, and the 
chairman of the committee on safety, ex-officio. 


The following board members were 
selected to serve as members of the national 
nominating committee for the year 1937— 
1938: C. R. Beardsley, O. B. Blackwell, 
V. Bush, R. W. Sorensen, and A. C. Stevens. 
Mr. C. R. Jones was designated an alternate. 

Upon recommendation of the standards 
committee, the board approved a revised 
edition of American Standard for Power 
Operated Radio Receiving Appliances, 
which had been submitted for approval by 
the Underwriters’ Laboratories, proprietary 
sponsor for the project. 

It was reported that, at the annual meet- 
ing of The Engineering Foundation on 
October 14, the budget for the fiscal year 
October 1, 1937, to September 30, 1938, was 
adopted, and it contained appropriations 
for research projects recommended by the 
AIEE, namely, stability of impregnated- 
paper insulation, and electric shock. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Tulsa Section Holds 
Organization Meeting 


Eighty-one members and guests attended 
the organization meeting of the AIEE 
Tulsa (Okla.) Section, October 18, 1937, 
which was authorized by the Institute’s 
board of directors June 24. This is the 
Institute’s 64th Section, the 63d having 
been organized recently at Wichita, Kans. 
Officers elected to take office immediately 
are: R. K. Lane (M’37) Public Service 
Company of Oklahoma, Tulsa, chairman; 
A. Naeter (A’23, M’30) Oklahoma Agri- 
cultural and Mechanical College, Still- 
water, vice-chairman; and D. J. Tuepker 
(A’37) Public Service Company of Okla- 
homa, Tulsa, secretary. 

H. L. Andrews (A’16, M’26) vice-presi- 
dent, General Electric Company, New York, 
N. Y., spoke on ‘““Modern Transportation,” 
a subject of wide interest as indicated by 
the discussion which followed. 


Electricity Production Record. Production 
of electricity for public use in the United 
States reached a new high of 1 18,809,000,000 
kilowatt-hours in the 12-month period 
ending September 30, 1937, the Federal 
Power Commission has reported. Total 
production in September was 9,985,000,000 
kilowatt-hours as compared with 10,378,- 
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September 1936. Average daily produc- 
tion in September was 332,833,000 kilo- 
watt-hours, 0.2 per cent less than the av- 
erage daily production in August. Pro- 
duction by water power in September was 
32 per cent of the total. Considerable in- 
creases have been recorded every month 
this year over the same months in 1936. 
Electric-utility power plants consumed 


4,030,059 net tons of coal in September 


1937. Of this amount, 3,872,264 tons were 
bituminous coal and 157,795 tons were 
anthracite, decreases of 4.0 per cent and 
1.6 per cent, respectively, when compared 
with consumption in the preceding month. 


John Fritz Medal for 1937 
Awarded to P. D. Merica 


Paul Dyer Merica, director of research of 
the International Nickel Company and vice- 
president of the International Nickel Com- 
pany of Canada, has been awarded the 1938 
John Fritz Gold Medal, highest of American 
engineering honors, for “important contri- 
butions to the development of alloys for 
industrial uses.’’ The award is made an- 
nually for notable scientific or industrial 
achievement by a board composed of repre- 
sentatives of the 4 national engineering 
societies of civil, mining and metallurgical, 
mechanical, and electrical engineers. 

Doctor Merica’s extensive research in 
theoretical and practical metallurgy has 
increased scientific knowledge in both fer- 
rous and nonferrous fields, the citation of 
the board points out. ‘‘He has contributed 
generously to the science of metals, his work 
having covered the magnetic mechanical 
properties of steel; railway materials; 
failure of brass; the constitution, manu- 
facture, and application of light alloys of 
aluminum; heat treatment of cast alumi- 
num alloys; the precipitation theory of 
hardening of metals; and nickel and nickel 
alloys,’’ it is declared. 

Doctor Merica was born at Warsaw, 
Ind., on March 17, 1889. He studied from 
1904 to 1907 at De Pauw University, which 
in 1934 conferred upon him the degree of 
doctor of science. In 1909 he received the 
bachelor of arts degree from the University 
of Wisconsin, and in 1914 the degree of 


Future AIEE Meetings 


Winter Convention 
New York, N. Y., January 24-28, 
1938 


North Eastern District Meeting 
Pittsfield, Mass., May 1938 


Summer Convention 
Washington, D. C., June 20-24, 1938 


Pacific Coast Convention 
Portland, Ore., August 9-12, 1938 


Southern District Meeting 
Miami, Fla., November 1938 
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doctor of philosophy from the University of 
Berlin. Following 5 years of work as research 
physicist in the United States Bureau of 
Standards, Doctor Merica in 1919 became 
director of research of the International 
Nickel Company. His home is at Mill- 
wood, N. Y. 

He is a fellow of the American Associa- 
tion for the Advancement of Science, and a 
member of the American Chemical Society, 
the Electrochemical Society, the American 
Society for Testing Materials, the American 
Physical Society, the American Institute of 
Mining and Metallurgical Engineers, the 
American Institute of Civil Engineers, the 
Washington Academy of Sciences, the 
Institute of Metals, the Iron and Steel 
Institute, the Canadian Institute of Mining 
and Metallurgy, and Deutsche Gesell- 
schaft fiir Metallkunde. He is the author 
of many articles and monographs in scien- 
tific and technical publications, and in 1929 
received the James Douglas Medal. 

Representatives of the AIEE on the board 
of award were J. B. Whitehead (A’00, F’12, 
past-president, Life Member), A. W. Berres- 
ford (A’94, F’14, past-president, mem- 
ber for life), and A. M. MacCutcheon 
(A’12, F’26, past-president). 


Noble Prize Awarded 
to Institute Member 


For his paper ‘‘Properties of Saturants 
for Paper-Insulated Cables,’ G. M. L. 
Sommerman (A’31, M’37) research engi- 
neer, American Steel and Wire Company, 
Worcester, Mass., has been awarded the 
Alfred Noble prize for 1937. This paper 
was published in the May 1937 issue of 
ELECTRICAL ENGINEERING, pages 566-76, 
and was presented for discussion at the 
AIEE 1937 summer convention held June 
21-25 at Milwaukee, Wis. A biographical 
sketch of the recipient is included in the 
“Personal Items’’ section of this issue. 
Formal presentation of the award will take 
place at the AIEE 1938 winter convention 
to be held January 24-28 in New York, 
TS ak 

The Alfred Noble Prize was instituted in 
1929 in honor of Alfred Noble, past-presi- 
dent of the American Society of Civil En- 
gineers and the Western Society of Engi- 
neers, and consists of a $500 cash award and 
an engraved certificate. The award is 
made to a member of any grade of either 
the American Society of Civil Engineers, 
the American Institute of Mining and Metal- 
lurgical Engineers, The American So- 
ciety of Mechanical Engineers, the Ameri- 
can Institute of Electrical Engineers, or 
the Western Society of Engineers, for a 
technical paper of particular merit ac- 
cepted by the publication committee of 
any of the foregoing societies for publi- 
cation, in whole or in abstract, in any of 
their respective technical publications, 
provided the author, at the time the paper 
is accepted in practically its final form is 
not over 30 years of age. The recipient 
of the prize is selected by a committee of 
five members, consisting of one repre- 
sentative of each society, the award being 
based upon papers published by the so- 
cieties within the 12 months preceding 
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July 15 of each year. The first prize was 
awarded in 1931. 

This is the third time that a member of 
the AIEE has been so honored, the 1932 
award having gone to F. M. Starr (A’30, 
M’37) and the 1936 award to Abe Tilles 
(A’30, M’36). 


A T & T Commemorates 
Works of G. A. Campbell 


A volume entitled ‘Collected Papers of 
George Ashley Campbell’? has just been 
privately printed by the American Tele- 
phone and Telegraph Company “in ap- 
preciation of Doctor Campbell’s long and 
distinguished service, and of his fundamen- 
tal contributions to the development of 
electrical communication.’”’ Commemora- 
ting Doctor Campbell’s brilliant services to 
telephony, this 548-page (seven- by ten-inch) 
cloth-bound volume also marks his retire- 
ment from active service in the Bell Sys- 
tem (EE Jan. ’36 p. 122). In addition to 
three early memoranda on loading, the full 
text of some 21 of his noteworthy contribu- 
tions to technical literature on communica- 
tion over a period of more than 30 years 
are included. 

In a foreword to the volume, Doctor 
Vannevar Bush (A’15, F’24) vice-president 
and dean of engineering of Massachusetts 
Institute of Technology, says of Doctor 
Camphell: ‘‘...he stands out as the one to 
whom the telephone art owes the realiza- 
tion of the loaded line, the electrical filter, 
and the facile treatment of the transients 
which pulsate in its network, and as a mod- 
est, generous character who by his very 
nature has inspired others to broaden into. 
a highway the trail which he brilliantly 
blazed into the vast reaches of science and 
engineering.” 

ELECTRICAL ENGINEERING appreciates. 
being authorized to state that requests for 
copies of this commemorative volume will 
be entertained by the American Telephone 
and Telegraph Company, 195 Broadway, 
New York, N. Y., as long as the rather 
limited edition lasts. 


Scholarship Available. The Elizabeth Clay 
Howald scholarship, which carries a stipend 
of $3,000 payable in 12 monthly install- 
ments, was endowed by the late Ferdinand 
Howald, an alumnus of The Ohio State 
University. Any person who has shown 
marked ability in some field of study and 
has in progress work, the results of which 
promise to constitute important additions 
to knowledge, shall be deemed eligible to 
appointment for this scholarship. The 
scholar will be expected to devote his time 
uninterruptedly to the pursuit of his inves- 
tigation. If the scholar never has had any 
connection with The Ohio State University, 
he must carry on his investigations there; 
otherwise investigations may be carried 
on elsewhere. Applications must be filed 
with the dean of the graduate school of 
The Ohio State University, Columbus, be- 
fore March 1, 1938. The appointment 
will be made on April 1, and the time of 
appointment will begin July 1. 
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National Research Council Continues 
Discussion of Insulation at New York Meeting 


Tue tenth annual meeting of the Na- 
tional Research Council’s committee 
on electrical insulation of the division of 
engineering and industrial research at- 
tracted 144 registered guests and members 
of the committee for a two-day program de- 
voted to the subject of dielectric research, 
November 4-5, at the Consolidated Edison 
Company building, New York, N. Y. De- 
voted to the interchange of information rela- 
tive to many phases of dielectric research, 
this annual meeting, as usual, was notable 
in its unbiased attention to both the theo- 
retical and practical aspects of the subject. 
The first technical session, devoted to the 
chemistry and physics of insulation, indi- 
cated clearly the increasing participation 
of the chemist and the physicist and the im- 
portance of their contributions in the solu- 
tion of problems vitally important to both 
the manufacturer and user of electrical 
equipment. The committee, realizing the 
importance of co-ordination of the efforts 
of the chemist, physicist, and electrical 
engineer, is effectively contributing to 
many important advances by providing for 
the frank presentation of new problems and 
free, noncommercial discussions of products, 
manufacturing methods, and operating 
difficulties. 

Representing the Consolidated Edison 
Company as official host, Doctor John C. 
Parker (A’04, F’12) vice-president’ of the 
company, delivered an address of welcome, 
encouraging the committee in the conduct of 
its work, and outlining what he termed the 
“selfish” interest of the electric power 
company in the work being carried on by 
the committee. Co-founder of the com- 
mittee and continuing chairman, Doctor 
J. B. Whitehead, dean of the school of en- 
gineering of The Johns Hopkins Univer- 
sity and past-president of the ATEE (1933- 
34), presided at the 3 technical sessions. 
W. F. Davidson (A’14, F’26), secretary of 
the committee, was chairman of the local 
committee on arrangements. 

Among other features of the program were 
several informal group meetings for the 
discussion and outlining of special problems; 
the annual dinner meeting held Thursday 
evening at the Hotel Gramercy Park; a 
luncheon Friday noon, tendered by the 
Consolidated Edison Company; and several 
inspection trips to important plants and 
research laboratories located in the metro- 
politan area. 


ATOM PHYSICS IN INSULATION RESEARCH 


At the Thursday dinner meeting, a motion 
picture ‘‘Electrifying New York” was pre- 
sented by the Consolidated Edison Com- 
pany, and Professor A. von Hippel (M’37) 
Massachusetts Institute of Technology, de- 
livered a lecture ‘“‘What Can Atom Physics 
Contribute to Insulation Research?” Pro- 
fessor von Hippel’s lecture revealed the 
importance of some of the fundamental 
investigations of the theoretical physicist 
in the domain of insulation research, and 
served to emphasize the value of a closer 
understanding between the physicist and 
others working in that field. 
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At the conclusion of the technical ses- 
sions a resolution to record in the minutes 
of the meeting the death (ELECTRICAL 
ENGINEERING for November 1937, pages 
1427-28) of Henry Wright Fisher (A’95, 
M’01, F’12) former consulting engineer for 
the General Cable Corporation, and one of 
the pioneer cable engineers in the United 
States, was introduced by William A. Del 
Mar (A’06, M’20) and adopted unanimously 
by the committee. 


FuLL TECHNICAL PROGRAM 


Characterized throughout by spontaneous 
enthusiasm, the 8 technical sessions in- 
cluded a total of 21 papers, representing the 
efforts of 28 authors, and related discussions. 
Both the presentation of the papers and 
their discussions were entirely informal. 
For those readers interested in pursuing 
some of the subjects further, a complete 
list of titles and authors is given here. 
Although the committee expects that many 
of these papers will be published in various 
technical journals, so far only Doctor White- 
head’s annual report and a paper by Doctors 
Whitehead and T. B. Jones have been pub- 
lished in ELECTRICAL ENGINEERING. Some 
few of the papers presented were extensions 
or continuations of papers presented at the 
meeting of the subcommittee on chemistry 
of the committee on insulation held re- 


cently at Rochester, N. Y., and reported | 
in the November 1937 issue, page 1420. 
Others represented continuations of studies 
reported at previous meetings. 


First Technical Session—Chemistry and Physics 


Recent ProcrRESs IN DIELECTRIC RESEARCH 
(Annual Report of Chairman), J. B. Whitehead 
(A’00, F’12, past-president), The Johns Hopkins 
University, Baltimore, Md. [November 1937 
issue, pages 1346-52.] d 


ELECTRICAL AND CHEMICAL STUDIES OF OIL OxI- 
DATION, J. C. Balsbaugh (A’23, M’25), R. G. Larsen, 
and J. L. Oncley, Massachusetts Institute of 
Technology, Cambridge. 

A continuation of a paper presented by one of the 
authors at the Rochester meeting of the subcommit- 
tee on chemistry, this paper presents relations be- 
tween oxidation stability, acid formation, power 
factor, colloidal content, Grignard test, oil source, 
and refining methods. Many phenomena of the 
chemical and electrical aspects of this problem are 
still without any satisfactory explanation. 


Tur Dievectrric BEHAVIOR OF PoLyMERIC MOLE- 
CULES IN DituTE SoLuTion, J. W. Williams, Uni- 
versity of Wisconsin, Madison. 


Admittedly a highly theoretical approach of the 
chemist to dielectric theory, this progress report of 
work being done at the University of Wisconsin 
contributes to the general theory by a discussion of 
polymeric substances of high molecular weight, 
and shows evidence of dielectric polarization of 
such substances, principally in dilute solutions. 


Some Recent StrupiEzsS OF DIELECTRIC BEHAVIOR 
AND MOLECULAR ROTATION IN SOLIDS, C. P. Smyth, 
Princeton University, Princeton, N. J. 

A correlation of dipole rotation in long-chain 
molecules with molecular size and with the dielec- 
tric constant of the material. This progress re- 
port of chemical research at Princeton University 
shows that solids consist of rod-like molecules 
with perpendicular axes; increased temperature 
causes rotation (change from the alpha to the beta 
form of the substance) and change of dielectric 
constant. For most substances the dipole moment 
is independent of frequency. ‘‘Small molecules, 


Membership— 


Mr. Institute Member: 


fession. 


The. advantages of membership in the Institute have been empha- 
sized in several excellent papers in ELECTRICAL ENGINEERING. 
The steady progress of the Institute is material testimony of its value. 
The services and opportunities it affords are numerous and varied. 
Some are attracted by its tangible benefits and direct services. 
are more interested in its general activities and opportunities for tech- 
nical association and advancement of the electrical engineering pro- 


You no doubt had definite reasons for joining the Institute. Why 
not tell one of your nonmember associates what they were and which 
of its services and opportunities you have found most valuable? You 
may give him an idea or viewpoint he has not previously considered 
which will induce him to join, and thereby receive the benefits he 


rightfully deserves as one connected with a branch of the electrical 
industry. 


Others 


Vice-Chairman, District No. 2 
National Membership Committee 
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because of their greater symmetry, are more likely 


to rotate in a crystal than are large molecules, but a 
large number of the latter have been found to give 
a high dielectric constant to the solid by their 
rotation.” . 


Drevecrric PROPERTIES OF CHLORINATED Napu- 
THALENES, W. A. Yager, Bell Telephone Labora- 
tories, Incorporated, New York, N. Y. 


Investigation of the dielectric behavior of a com- 
mercial polar compound, a chlorine derivative of 
naphthalene. 


ABSORPTION OF WATER BY PAPER at HicH TEM- 
PERATURES, C. C. Houtz and D. A. McLean, Bell 


teers! Laboratories, Incorporated, New York, 


Deals with the adsorption of water by insulating 
Paper, instead of absorption indicated by the title. 
Aimed toward a better understanding of the 
fundamental nature of paper structure, the re- 
searches described produced adsorption data for 
various types of paper at various water-vapor 
pressures. 


FuRTHER STUDIES OF DETERIORATION IN INSULAT- 
Inc Ors, R. N. Evans, Consolidated Edison Com- 
pany of New York, Inc., New York, N. Y. 


Describing the methods of analysis of insulation 
deterioration as divisible into 3 classes (1) water 
evolution, (2) gas evolution and (3) miscellaneous, 
including electrical tests, this paper presents the 
results of studies based upon the second method, 
for predicting and analyzing cable failures caused by 
deterioration, 


Second Technical Session— 
Materials and Measurements 


THE EFFECT OF FILLERS ON THE ELECTRICAL 
PROPERTIES OF RUBBER-SULPHUR COMPOUNDS, 
A. H. Scott, National Bureau of Standards, Wash- 
ington, D. C. 

In a continuation of previous studies undertaken 
by the National Bureau of Standards, methods of 
improving the preparation of specimens and of 
testing have been described. ‘‘The study of the ef- 
fect of fillers on the electrical properties of rubber 
has so far been concerned only with spherulized 
“kaolin’’ (kaolin in the form of tiny spheres). 
With no kaolin the power factor was 0.0026 and the 
dielectric constant was 2.61. Jith 26.5 per cent 
of kaolin (by volume), the power factor was 0.0047 
and the dielectric constant was 3.23. The d-c 
conductivity did not appear to be affected by kaolin. 
The dielectric constant decreased linearly with the 
logarithm of frequency and the power factor passed 
through a minimum as the frequency was increased.”’ 


RuBBER AS A DreEveEctric, A. R. Kemp, Bell Tele- 
phone Laboratories, Incorporated, New York, N. Y. 


Dealing entirely with soft rubber compounds, 
“this report shows the extreme effect of moisture 
distributed heterogeneously in rubber in associa- 
tion with conducting substances on the dielectric 
properties. The loss in the insulating value of 
crude rubber upon exposure to water is explained 
on the basis of its latex particle structure with the 
impurities and moisture located in the particle 
interface forming a continuous phase. .. milling 
and vulcanizing crude rubber results in stabilizing 
its dielectric properties when the rubber is exposed 
to water. Rubber and gutta percha are shown to 
be nonpolar substances which are not appreciably 
affected by large contents of moisture.’’ The ef- 
fect of fillers and pigments on dielectric properties 
of soft vulcanized rubber are described. 


SuRFACE CHARACTERISTICS OF FIBROUS INSULA- 
tion, K. S. Wyatt (A’32), The Detroit Edison 
Company, Detroit, Mich., and W. F. Davidson 
(A’14, F’26), Consolidated Edison Company of 
New York, Inc., New York, N. Y. 


Outlining some of the problems concerning utility 
operating companies in determining the characteris- 
tics contributing to failure of fiber insulation, the 
methods of failure are described, and several prac- 
tical tests for analyzing and predetermining such 
failures are indicated. Following the formal pres- 
entation of the paper by Mr. Davidson, co-author 
Wyatt spoke briefly about the correlation between 
the amount of gas involved and the life of paper 
impregnated with oil, describing some of the 
European studies of the subject. Quoting Van 
Dycke, a research engineer at The Hague, Nether- 
lands, Mr. Wyatt pointed out that “‘there is a cor- 
relation between life and gas generation as deter- 
mined by the method with hydrogen pressure, 
in proportion as the gas generation of the oil is 
greater, the life of the paper impregnated with it is 
shorter. This correlation does not exist with the 
methods at low pressure.”’ 
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Allis-Chalmers Photo 
A demountable metal-tank mercury-arc rectifier embodying the characteristics 
of commercial-size equipment is used in the study of electronics in the labora- 
tories of Massachusetts Institute of Technology, Cambridge; similar equipment 
is said to have been installed at Cornell, Harvard, Columbia, and other colleges 


THe EFFECT OF THE SURFACES OF THE ELECTRODES 
On Power Factor OF AN AIR Capacitor, A. V. 
Astin, National Bureau of Standards, Washington, 
Dec. 


An extension of the National Bureau of Standards 
research work described at the 1936 meeting. Al- 
though no solid is included between the plates of an 
air capacitor, the capacitor has an appreciable 
power factor, because of surface characteristics of 
the plate. The 1936 report included investigations 
of only 4 materials for plates; the present paper, 
including a description of the effect of relative 
humidity on power factors, gives results for 10 
materials. With aluminum plates a negative 
phase-defect angle at high humidity was observed, 
and was found to be more marked for large plate 
spacing than for smaller spacing. 


THE Power Factor oF AIR Capacitors, W. B. 
Kouwenhoven (A’06, F’34) and E. L. Lotz (En- 
rolled Student), The Johns Hopkins University, 
Baltimore, Md. 


Although describing independent research work 
done at The Johns Hopkins University, scope is 
almost identical with preceding paper. 


THERMAL BREAKDOWN OF PLASTIC INSULATING 
MATERIALS, R. M. Fuoss, General Electric Com- 
pany, Schenectady, N. Y. 

A continuation of investigations described at the 
recent Rochester meeting of the subcommittee on 
chemistry, this investigation embraced changes 
of resistance with changes in voltage caused by 
thermal variation. The thermal failures observed 
were caused by passage of current alone, not by 
puncture, and were found to be independent of 
thickness of the sample. 


StrupIES OF BREAKDOWN IN COMPRESSED GASES, 
Alvin Howell (A’35) Massachusetts Institute ot 
Technology, Cambridge. 

Describing the breakdown of compressed air at 
voltages up to 500 kv and at high pressures, using 
direct current exclusively. The breakdown char- 
acteristics of gaps having various surface con- 
figurations have been studied, the characteristics 
of a gap consisting of a needle point opposite a 
plane being especially important, because such 
gaps are used in the Van de Graaf generators con- 
structed at MIT. Present investigations indicate 
that such generators will not work well in com- 
pressed air at pressures above 200 pounds per square 
inch. In general, generators using compressed 
air may be made much smaller than the open-air 


type. 


News 


Third Technical Session—High-Voltage Insulatiom 


MEASURING RATES OF OIL FLow THROUGH PAPER, 
H. H. Race (A’24, M’31), General Electric Com- 
pany, Schenectady, N. Y. 


A description of the methods of measuring the rate 
of oil flow through flat sheets of paper in vacuum, 
to avoid inclusion of gas flow in the measurements, 
The method was extended to predict oil-flow 
characteristics by means of air-flow data. 


PAPER-TO-OIL RATIO IN CABLES, E. W. Greenfield 
(A’34) Anaconda Wire and Cable Company, Hast- 
ings-on-Hudson, N. Y. 


Because the ionization of power cables takes place in 
the voids in the insulation, the accurate determina- 
tion of the most effective ratio of paper to voids 
is very important. Approaching these problems 
from a fundamental point of view, mathematical 
and experimental methods of determining the 
most effective arrangements of oil and paper 
layers are described. 


STABILITY OF CABLE OILS EXPOSED TO ELECTRICAL 
DISCHARGE IN Vacuum, W. A. Del Mar (A’06, 
F’20), John H. Palmer (A’29), and E. J. Merrill, 
Habirshaw Cable and Wire Corporation, Yonkers, 
Nirxe 


A description of oil-stability characteristics during 
accelerated life tests as used on power cables. Oils 
having stable gassing characteristics usually have 
somewhat unstable power-factor characteristics. 
under electrical discharge in vacuum, 


Om OXIDATION IN IMPREGNATED PAPER, J. B. 
Whitehead, The Johns Hopkins University, Bal- 
timore, Md., and T. B. Jones, Bell Telephone Lab- 
oratories, Incorporated, New York, N. Y. 


A report of a series of studies of the oxidation proc- 
ess in cable paper impregnated with oil containing 
different amounts of oxygen, as indicated by 
changes in well-known electrical quantities. 
Separate studies of the effect of equal amounts of 
air and of nitrogen, of the behavior of the oil alone, 
and as affected by paper and metal, show something 
about the nature of the progressive changes found 
in the electrical characteristics. [See pages 1492- 
1502, this issue.] 


SraBILITyY OF O1m-TREATED INSULATION, H. W. 
Bousman (A’25, M’36), General Electric Company, 
Schenectady, N. Y. 

A long life test may not be the most important 
factor in judging an oil tor use in a cable, for the 
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“specific optical dispersion of oil is known to be re- 
lated to the life of oil-impregnated paper.” 


ELECTRICAL CHARACTERISTICS OF JONIZED Gas 
Fivms, C. L. Dawes (A’12, F’35), Harvard Univer- 
sity, Cambridge, Mass. 

Describes methods of measuring characteristics of 
ionized gas films. A capacitance method was used 
instead of a mechanical method for determining 
thickness of the gas films. 


MECHANICAL UNIFORMITY OF CABLE INSULATION 
AnD MegtTHops FoR ITs MBASUREMENT, K. S. 


The Institute Budget 


Wyatt, The Detroit Edison Company, Detroit, 
Mich. 

Ionization at the low stresses used in cables must 
take place between the layers. This report de- 
scribes a method of examining these interstices 
without mechanical deformation of the layers. 
The specimen is ‘‘embalmed” in styrene, and wafer- 
like samples sawed from the specimen are translu- 
cent, being easily examined without complex 
equipment. “The uniformity of most electrical 
characteristics is dependent upon mechanical 
uniformity of the cable.” 


for the Year 1937-38 


Nees the members are familiar 
with the financial condition of the Insti- 
tute, having seen the annual directors’ re- 
port in the July issue of ELecrricAL EN- 
GINEERING, it is felt that many would ap- 
preciate a more detailed accounting of the 
$299,500 budget for the year ending Sep- 
tember 30, 1938. 

Accordingly, the following tabulation 
of estimated income and disbursements, 
adopted by the board of directors on Oc- 
tober 28, 1937, is presented with comments 
which it is hoped will adequately explain 
the scope and purpose of those appropri- 
ations in which the membership is most 
vitally interested. 


PUBLICATIONS 


Electrical Engineering — Transactions. 
The budget provides for the publication of 
an increased number of technical-program 
papers and general-interest articles. Dur- 
ing the last appropriation year, 1,594 pages 
were used and 1,785 pages are planned for 
the current year—an increase of about 12 
per cent. The appropriation for this pur- 
pose is approximately $83,300 as compared 
with an expense of approximately $77,800 
for the preceding year—an increase of about 
7 per cent. Roughly two-thirds of the in- 
creased cost results from the increased num- 
ber of pages, the remaining third resulting 
from increased circulation and higher ma- 
terial costs. 

The study of publication policy under- 
taken by the publication committee about 
a year ago, has been completed, with the 
co-operation of the technical program com- 
mittee, and the recommendations were 
acted upon at the October meeting of the 
board of directors. The budget as adopted 
is based on the recommended revisions in 
publication policy and includes an appro- 
priation of $7,900 to provide preprints of 
the accepted manuscripts of all papers for 
national meetings and papers approved 
by the technical program committee for 
District meeting programs. A limited num- 
ber of these preprints will be provided with- 
out charge for the use of authors and the 
technical committees. Others may pur- 
chase them for five cents each at head- 
quarters and at the registration desk at 
meetings, or for ten cents each by mail. 
There will be published regularly in ELEc- 
TRICAL ENGINEERING a list of preprints 
available. 
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Other provisions of the revised publica- 
tion policy and the budget call for the pub- 
lication in full in ELECTRICAL ENGINEERING 
of two-thirds of all technical-program papers 
and for the publication in ELECTRICAL 
ENGINEERING of the other third in ‘‘rewrite” 
or “abstract” form. TRANSACTIONS will 
include all formal technical-program papers 
in full and correlated with the approved 
discussions. Notwithstanding the increased 
number of pages and the increased material 
costs, the subscription price of TRANSAC- 
TIONS will be $4.00 as it has been in the 
recent past. 

Additional information concerning the 
revised publication policy will be found 
in the November 1937 issue of ELECTRICAL 
ENGINEERING, page 1409. 

Yearbook. An up-to-date revision of 
the YEARBOOK will be issued again this 
year and the budget includes approximately 
$6,800 for this purpose. Copies of the 
YEARBOOK are available without charge to 
members on request. An announcement 
will appear in the news columns of ELEc- 
TRICAL ENGINEERING when the book is 
ready for distribution. 


INSTITUTE MEETINGS 


In conjunction with the publication of 
technical papers and discussions, the na- 
tional and District meetings of the Institute, 
as well as the meetings of Sections, provide 
the greatest opportunity for the realization 
of Institute objectives. In organization 
work—whether it be social, political, trade, 
or the work of a professional group similar 
to the Institute—effectiveness of operation 
is measured to a great extent by the mem- 
bership contact provided. 

The appropriation for meetings’ activi- 
ties for the coming year is intended to cover 
particularly the routine printing and sup- 
plies expenses of the Middle Eastern Dis- 
trict meeting, which was held in Akron, 
Ohio, October 13-15, 1937, the winter con- 
vention in New York City, January 24-28, 
1938, the North Eastern District meeting 
to be held in Pittsfield, Mass., in May, the 
summer convention in Washington, D. C., 
June 20-24, 1938, and the Pacific Coast 
convention which will be held in Portland, 
Oregon, August 9-12, 1938. In addition, 
the appropriation takes care of those ex- 
penses of the 1937 Pacific Coast convention 
which were not reimbursed until after ac- 
counts were closed for the 1936-37 year, as 


News 


well as routine expenses incurred at Insti- 
tute headquarters and chargeable directly 
to meetings’ activities. 

In considering the amount appropriated 
for Institute meetings, attention must also 
be given to the provision for traveling ex~ 
penses of Section and Branch delegates (see 
paragraph dealing with traveling expenses) 
who, together with the officers and mem- 


bers in attendance at the summer con- — 


vention, hold an annual conference for the 
interchange of ideas and experiences. Of 
late years the scope of these conferences 
has broadened so that a considerable part 
of the discussion deals with topics of inter- 
est not only to members residing within 
Section territory but to the entire member- 
ship—in many cases the recommendations 
of the conference leading to the adoption 
of policies which are expected to enhance 
the benefits of membership and the useful- 
ness of the organization. 


INSTITUTE SECTIONS 


The major portion of the appropriation 
for Institute Sections is intended to cover 
the expenses of meetings as held during 
the year by 64 Section organizations. 
The By-Laws provide for a flat appropria- 
tion of $175 for each Section, plus an allow- 
ance of $1 for each active member residing 
within the territory of the Section on 
August 1. 

As shown in the tabulation, other expen- 
ditures, charged directly to Institute Sec- 
tions, comprise the cost of printing and 
supplies furnished by headquarters through- 
out the year, and that proportion of the 
headquarters’ staff payroll which is allocated 
to Section activities. 


INSTITUTE BRANCHES 


One hundred twenty Branches of the In- 
stitute are now established in schools of 
recognized standing throughout the country, 
where students hold regular meetings, as 
do the members in Institute Sections. 
The budget provides for the reimbursement 
of purely meeting expenses, the cost of nec- 
essary supplies for carrying on routine 
Branch work, and that portion of salary 
expense at headquarters which represents 
the time entirely devoted to Branch activi- 
ties, 

The appropriation for Institute Branches 
also provides for the reimbursemnt of mis- 
cellaneous expenses which develop incidental 
to Student conferences and conventions. 
Payments are not made to the individual 
Branches but to the committee in charge 
of a conference and cover the actual ex- 
penditures within a limitation of an appro- 
priation of $5 for each Branch participating 
in the meeting. 


COMMITTEES 


In view of the official record of Institute 
activities, as contained in the monthly 
journal, ELECTRICAL ENGINEERING, it is 
probably unnecessary to dwell upon the 
scope of the appropriations for the different 
committees of the organization. Never- 
theless, a few comments regarding the 
larger appropriations may be of interest, 
as follows: 

Finance Committee. For the third con- 
secutive year the budget provides for the 
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engagement of investment counsel serv- 
‘ices, in an effort to insure the stability and 
security of Institute investments for the 
reserve capital fund, as well as for the spe- 
cial funds for which the Institute has ac- 
cepted the responsibility of trusteeship. 
In addition, the appropriation takes care 
of the expense of the annual audit of Insti- 
tute accounts for the fiscal year ending 
April 30, a report of which appears in 
ELECTRICAL ENGINEERING for July 1937. 

Membership Committee. The work of 
this committee in bringing the advantages 
of membership to the attention of desirable 
candidates continues along much the same 
lines each year; therefore, a considerable 
portion of the committee’s appropriation 
is devoted to the printing of necessary ap- 
plication forms and other membership 
literature describing the aims of the Insti- 
tute. The distribution of this literature is 
handled almost entirely by the 64 local Sec- 
tion membership committees under the 
general direction of the national committee. 

As shown in the annual report of the 
board of directors, 1,756 new applications 
were received during the last fiscal year, 
many from persons whose names were 
proposed for membership as a result of the 
communications addressed by the national 
committee to the general membership. 
The expense of the clerical work at head- 
quarters in handling these applications, as 
well as the routine correspondence with 
Section membership committees, with mem- 
bers concerning the status of their affilia- 
tions, with Enrolled Students eligible for 
advancement to the Associate grade, etc., 
constitutes a charge to the appropriation. 
One other item is worthy of mention, i.e., 
the special payment of a portion of the 
entrance fee to the Section in which a new 
member is located, estimated to require 
this year at least $1,400 of the committee’s 
appropriation. 

Standards Committee. The activities of 
the standards committee for the past year 
have been so fully related in the annual re- 
port of the board of directors published in 
the July issue of ELECTRICAL ENGINEERING 
that further comment should perhaps be 
confined to the plans of the committee for 
the revision and printing of new editions of 
11 standards, as mentioned below: 


Measurement of Test Voltages in Dielectric Tests 
Industrial Control Apparatus 

Graphical Symbols 

Automatic Stations 

Electrical Measuring Instruments 

Insulators 

Indicating Instruments 

Electrical Recording Instruments 

Electrical Installations on Shipboard 

Test Code for D-C Machines 

Test Code for Apparatus Noise Measurement 


The preliminary expense for composition 
and other printing expenses on account of 
the above-mentioned revisions will be 
charged to the appropriation of the stand- 
ards committee, in addition to any miscel- 
laneous charges and that portion of the 
headquarters’ payroll which reflects the 
time devoted to the work of the committee. 

Technical Committees. It has not been 
necessary to make separate appropriations 
for the technical committees inasmuch 
as all of the expenses of printing technical 
papers, under existing publication policies, 
has been chargeable to the publication 
committee. A nominal appropriation of 
$250, therefore, covers principally the ex- 
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pense of providing committee stationery 
and also minor expenses which will arise dur- 
ing the year. However, with the inaugura- 
tion of the plan to reproduce authors’ 
manuscripts, already mentioned, it is 
probable that $1,000 of the appropriation 
of $7,900 for such preprints will be trans- 
ferred to the appropriation for technical 
committees, for use in reproducing those 
papers which are not intended for publi- 
cation in the annual TRANSACTIONS. 


TRAVELING EXPENSES 


The budget again provides for reimburse- 
ment of substantially all the expense in- 
curred for railroad fare, Pullman accom- 
modations and meals en route, in the 
traveling allowance to District, Section, 
and Branch representatives, to members of 
the board of directors, and to members of 
the national nominating committee. The 
traveling allowances are reimbursed on a 
uniform rate of 7 1/2 cents per mile, one way, 
mileage being obtained from the Official 
Table of Distances compiled by the United 
States War Department. The authorized 
traveling expense appropriations are as 
follows: 


1. For each vice-president of the Institute to one 
meeting each year of each Section and each Student 


Branch within his geographical District, it being 
understood that joint meetings of Sections and 
Branches will be arranged as far as may be ex- 
pedient. 


2. For the vice-president, the District secretary, 
the vice-chairman of the national membership 
committee located in the District, the chairman of 
the District committee on Student activities, and 
the chairman and secretary of each Section within 
a District (or, if neither can attend, an alternate 
chosen by the executive committee of the Section) 
to one meeting each year of the District executive 
committee held within the District. 


3. For the vice-president and secretary of each 
District, the counselor and the incoming Student 
chairman of each Branch within the District, and 
the appointed member of the committee on Student 
Branches located in the District to one conference 
on Student activities within the District each year 
under the auspices of the committee on Student 
activities of the District. Alternates for counselors 
not authorized, The allowance is available to 
alternates for Branch chairmen only upon advance 
approval by the vice-president of the District in 
each case. 


4. For one delegate from each Section to the an- 
nual summer convention, 


5. Yor all District secretaries to the annual sum- 
mer convention, 


6. For one Student Branch counselor from each 
District, to represent the committee on Student 
activities of the District, to the annual summer 
convention. 


7. For all members of the national nominating 
committee to the annual meeting of the committee, 
held during the winter convention. 


Table I. Institute Income and Expenses for Year Ending September 30, 1937, and 
Budget for Year Ending September 30, 1938 


ActualIncome Budget for Actual Income Budget for 
and Expenses, Year and Expenses, Year 
Year Ending Ending Year Ending Ending 
9-30-37 9-30-38 9-30-37 9-30-38 
Income Vice-presidents..... SOT Os vote 750.00 
Dues $195,963.61... . $207,300.00 Board of directors... 4,690.60 6,000.00 
Students’ fees........ 11,028.00.... 11,000.00 National nominat- heen ee: 
Entrance fees........ 7,468.15.... 7,000.00 I COs ae ee cee -08.... ,000. 
Transfer fzes....:.... 855.25.... 1,000.00 poate Tepre- eee 
Ad verHeineg ceca 33,602.31.... 35,000.00 senta AVES eee eee scene eee eee ees 4 
ELec. ENGG.—non- Administration : 
mem. subscriptions. 13,700.56.... 14,000.00 Headquarters’  sal- eres ane 
TRANS. subscriptions.. 6,058.52.... 5,750.00 foi pe ey ects a racian 
ae le aerate: Fo oe Se oe Stationery&printing 3,427.24... 3,600.00 
Interest on securities.. 9,109.52.... 9,700.00 Office equipment. .. 181.03... 250.00 
Trav. expense, in- 
51! _. .$299.500.00 surance, misc. 
Total $289,515.14... .$299,500 scree cage 
AGES! sxe 2,933.40.... 2,950.00 
Expenses Paper prizes......... 140.00.... 600.00 
icati Joint activities 
a ae (ELEc. Amer. Engg. Council 12,000.00.... 12,000.00 
ENGG. & TRANS.). $77,803.40.... $83,320.00 Amer. Standards ; 2 
Preprints isi waa Or idies 7,900.00 IASSn oe eat citrekinis 1370; OO 1,500.00 
tS. ee ee ee eee : eas 
Advertising section. 14,146.94.... 15,600.00 Engrs. 
Wear book 2.0.52... 6,195.93.... 6,760.00 Prof. Dev. . Ree 450.00.... 850.00 
i i sae. 2£2;020.41.... 13,960.00 Engg. Soc. Em- 
Seat Siok ployment Serv.... 1,964.40.... 1,162.00 
iati ) 25 Engg. Societies 
Appropriations..... 21,051.68.... 25,000.00 g +0 
Olas expenses..... 5,477.32.... 6,050.00 Library. ween A 8,788.20.... 9,700.00 
Institute Branches é Hee U a cree 
i Sate 897.62.... 3 M s - ; . 
Sree nen aia : 2;001,15:.5.. 2,300.00 ing assessment.... 9,740.13.... 10,882.00 
Committees U. S. Natl. Com. 
BIAANCE. oe cede s ss 1,600.00.... 1,600.00 | es Ce 300.00.... 300.00 
Membership....... 8,000.46.... 8,300.00 Miscellaneous print- ares 
Statidarcds. 24 -i<)s.< 6,475.58... 7,700.00 ing, ete... scree eeee Perera 3,500.00 
Technical a ey, 201.44.... 250.00 Authors’ reprints... O23 7 Omer eae chs 
pe 198.53.... 1,175.00 Reprints of stand- at 
Traveling Expenses ards. MEN Tie at Slo lduerrs 
Geo. Dist. exec. Lightning Refer- Paws 
committees......- 1,620.48.... 3,000.00 ence Book....... Aub .E8: Sars 
Section delegates to Miscellaneous...... DOB ees. 
; Selo ie Seine 5,000.00 Other expenses Ms a 
Oe atelier nate ‘ Membership badges. 700 STuan> 1,750.00 
summer conv. Seles (As, UPA 750.00 Text paper & env. me 
Dist cys. : iN Storage... ..250 L251) On ed ees 
¢ : nae conv 574.96.... 900.00 Retirement salary... 2 700.00 Pat 2,700.00 
District Student Miscellaneous...... 416.48... 310.00 
iP. aca, e <F ae aes Ta Tota ee ee 20) (OOOO meme P2a oO 00, 
s appro- 
eon ne praia 2,012.82... 1,500.00 
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8. For members of the board of directors and the 
executive committee to meetings of the respective 
bodies. 


It will be noted that the traveling ex- 
pense allowance has been restored for both 
the chairman and secretary of each Section 
within a District in attendance at the an- 
nual meeting of the District executive com- 
mittee, whereas the budget allowance dur- 
ing recent years provided for the attend- 
ance of but one representative from each 
Section. In addition, an allowance for 
traveling expense has been provided to the 
vice-chairman of the national membership 
committee, who is now a member of the 
executive committee in his respective geo- 
graphical District. 


ADMINISTRATION 


The duties of the headquarters staff 
being closely interwoven with the activities 
of the 24 standing administrative com- 
mittees and 18 technical committees, it is 
easy to understand the allocation to this 
appropriation of approximately 41 per cent 
of the total of salaries paid to those mem- 
bers of the staff whose compensation is not 
chargeable elsewhere in the budget. This 
item also absorbs the full salaries of the na- 
tional secretary and office manager, and 
temporarily includes an appropriation of 
$2,500 for authorized additions to the staff 
required by extra duties to be performed 
for Institute committees and to relieve a 
congestion of work which develops in some 
departments at certain seasons of the year; 
as this expense is incurred later it will be 
reallocated to the committee or other ac- 
tivity involved. The Institute still main- 
tains the smallest staff per 1,000 members 
of any of the Founder Societies. 

The work of general administration, joint 
activities, secretarial, and other duties for 
committees is so broad as to make it diffi- 
cult to describe the specific services re- 
quired of the staff within the limitations of 
space for this article. 


PRIZES FOR PAPERS 


On account of the severe effects of the 
depression upon Institute finances, the 
board of directors discontinued in the fall 
of 1932 all cash payments in connection with 
prizes for papers except those accompanying 
District Branch paper prizes. Upon the 
recommendation of the committee on In- 
stitute prizes, the board has restored in this 
year’s budget the cash awards of $100 each 
for the national prize for initial paper and 
the national prize for Branch paper, as well 
as the award of $25 for the District prize for 
initial paper in each district. The budget 
again provides for the cash award of $25 
for the District prize for Branch paper in 
each District, and for the issuance of cer- 
tificates of award to the recipients of all 
other prizes. 


Joint ACTIVITIES 


The activities in which the Institute is 
engaged jointly with other engineering or- 
ganizations are many and varied and have 
been so frequently brought to the attention 
of the membership through the news col- 
umns of the monthly journal that it is prob- 
ably unnecessary to comment on the pro- 
visions of the budget for such activities 
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beyond a statement of the amount ex- 
pended last year and the anticipated ex- 
pense for the present year. It will be noted 
that the Institute will contribute toward 
the support of American Engineering 
Council the same sum as during the pre- 
ceding year. With respect to the joint 
activities which are internal in nature, it 
will be observed that the appropriation 
for the support of the Engineering So- 
cieties Library has increased in proportion 
to the higher membership figures as of the 
present year, and also that the assessment 
paid to United Engineering Trustees is 
calculated upon a basis which permits of 
the desired annual reserve for the depre- 
ciation and renewal fund. 


OTHER APPROPRIATIONS 


The remaining items in the budget are 
self-explanatory in nature, and for the 
present appropriation year beginning Oc- 
tober 1, 1937, involve but a small percen- 
tage of the estimated total disbursements. 

In closing these comments regarding 
the proposed expenditure of Institute in- 
come, mention should be made that during 
the year ending September 30, 1937, the 
board of directors authorized the transfer 
of $7,500 from general funds to the reserve 
capital fund, for investment purposes; a 
similar transfer was authorized at the meet- 
ing of the board held on October 28, 1937. 


As stated in the budget message of 
President Harrison, printed elsewhere in 
this issue, the board of directors has adopted 
a budget of expenditures for the coming 
year which appropriates practically all of 
the estimated income for the corresponding 
period, and which is substantially in ex- 
cess of the amount expended last year. It 
is the expectation of the board, however, 
that the resultant benefits to the entire 
membership will fully justify the increased 
expenditures. Each year the board of 
directors and finance committee endeavor 
to adopt a budget that places the proper 
emphasis on the different phases of Insti- 
tute activities and which limits the annual 
expenditures to the total of anticipated 
yearly income. Membership dues, of course, 
comprise the principal source of Institute 
revenue, so that the success of all work 
planned for in the budget virtually depends 
upon the prompt collection of dues. It is 
gratifying to know that this situation is 
realized by the membership, as evidenced 
by the fact that the number who are in 
arrears for dues as of this date is at the 
lowest figure for several years. 


Civil Engineer Honored. Arthur S. Tuttle, 
former head of the engineering force of the 
city of New York, N. Y., recently was 
awarded a certificate of distinguished serv- 
ice. The award was made by Mayor 
F. H. Laguardia before a large group of 
engineers and city officials assembled in 
the chambers of the Board of Estimate 
and Apportionment, the body that Mr. 
Tuttle had served as principal assistant 
engineer, deputy chief engineer, chief en- 
gineer, and consulting engineer for over 
30 years. In presenting the certificate, 
the mayor stated that this is an age in 
which special training is an essential quali- 
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fication for public office and that Mr. 
Tuttle’s distinguished service to the city — 
stands out as an example of what can be 
accomplished by obtaining the right men 
for such service. Mr. Tuttle is a life 
member of the American Society of Civil 
Engineers, and has served that society as- 
treasurer, 1919-1920, vice-president, 1932- 
33: and president, 1935. 


More Hydro Power 
Scheduled for Texas 


Preliminary plans incident to the proposed 
rehabilitation of the Austin Dam located on 
the Colorado River (of Texas) at Austin 
contemplate reconstruction of the dam to a 
height of 63 feet and the construction of a 
new power house on the west side of the 
river with an initial hydroelectric generating 
capacity of some 6,250 kw. Another 6,250 
kw installation is planned for the Marshall 
Ford Dam, some 12 miles upstream from 
Austin, when that dam shall have been 
completed and adequate water becomes 
available. 

Under the terms of a proposed agreement 
between the City of Austin and the Colorado 
River authority, the Austin Dam rehabilita- 
tion will be undertaken by the authority at 
a cost of about $1,800,000 financed by a 
PWA loan and grant. The authority is to 
lease the dam from the city for a 30 year 
period, furnishing $20,000 worth of free 
power to the city as rental. The original 
Austin Dam was finished in 1893, and de- 
stroyed by flood in 1900; it was recon- 
structed in 1911 but never accepted by the 
city. Through a court decree the city 
obtained the title in 1934. 


Annual Science Exhibition. In concurrence 
with the annual meetings of several scientific 
organizations, the annual science exhibit 
of the American Association for the Ad- 
vancement of Science is to be held at the 
Murat Theater, Indianapolis, Ind., De- 
cember 27-30, 1937. Besides the product 
displays of various companies the exhibition 
will feature the recent scientific discoveries 
of individual investigators and noncom- 
mercial research organizations. Among 
these exhibits will be specimens of equip- 
ment used for the measurement of cosmic 
rays, samples of “‘heavy’’ water, and a 
series of photographs of a recent solar eclipse 
made by means of new and improved 
cameras built especially for the purpose. 


Poems by Prominent Member. A collec- 
tion of poems written during the past 25 
years by Vladimir Karapetoff (A’03, F’12, 
Life Member) professor of electrical en- 
gineering at Cornell University, has been 
published under the title of ‘““Rhythmical 
Tales of Stormy Years.’’ The poems are 
classified under Lyrical, The Immigrant’s 
Fun, A Crazy Quilt, Religious, Philosophy 
of Life, and Translations from the Russian. 
Some of the poems have appeared in various 
periodicals or been recited at conventions. 
Copies may be obtained from the Cornell 
Co-operative Society, Ithaca, N. Y. 
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By dealing only with the broadest inter- 
ests of its participating societies, the Tech- 
nical Scientific Societies Council of Cincin- 
nati, Ohio, has achieved notable success 
in the promotion of joint activities among 
technical and scientific groups in that city. 
The effectiveness of the carefully mapped 
plan of organization, which brings together 
in this co-operative effort ten organizations 
comprising a total of some 1,500 members, 
is evidenced by the fact that in the two 
years since the council was organized no 
serious difficulties have developed, growth 
and progress alone being noted. With the 
thought that the experience of the Cincin- 
nati Council might be of assistance else- 
where, L. R. Culver, chairman of the AIEE 
Cincinnati Section (one of the participating 
bodies) has prepared the accompanying 
article which describes not only the final 
arrangements and results, but also the 
more difficult preliminary steps that were 
necessary to assure smooth sailing during 
the organization period. 

The idea of closer contact and mutual 
support among groups of the Institute type 
was not new, even locally. There were or 
had been, in Cincinnati as well as in other 
large centers, more or less satisfactory local 
affiliations; it was considered desirable to 
analyze their difficulties and accomplish- 
ments as the preliminary step, before ap- 
proaching all the groups whose co-operation 
was desired. Particular attention was 
given to the reasons for the collapse of 
_ previous aggregations of societies. Two 
elements appeared to be responsible for 
_ most of the bickering on the one hand, and 
lack of interest on the other, with eventual 
disbandment in either event: (1) too much 
centralization of authority in one of the 
participating societies, especially in finan- 
cial matters; and (2) too few points of 
contact through which to maintain mutual 
interest. To forestall these troubles, the 
organizers in Cincinnati set as their guiding 
principles that no participating society 
would suffer any loss of autonomy, that the 
idea of joint progress and support would be 
kept actively alive by having several 
operating committees with definite duties 
and full representation, and finally that the 
whole structure would be explicitly subservi- 
ent to its component parts. 

By adhering strictly to the principles laid 
down, the organizers encountered little or 
no difficulty in convincing the principal 
members of the technical community that 
everything was to be gained by the forma- 
tion of a technical council among them to 
promote their joint interests. Included in 
the program were publishing of notices, 
sponsoring of joint meetings, reducing of 
duplication of services, stressing of mutual 
aims, exchanging of information in over- 
lapping fields of interest and, in general, 
eliminating sources of conflict while pro- 
moting friendly intercourse. 

Changing conditions bring changing need 
no less in the scientific world than elsewhere. 
With this premise, the organizing committee. 
conducted its work throughout the summer 
of 1935, laying down a code in which the 
societies defined their mutual relationships 
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and established their council, restricting 
their pronouncements to stating their aims 
and the duties of the several operating com- 
mittees. By-laws were not framed; in 
their place the salient actions of the govern- 
ing committees are preserved for ready 
reference, as guides but not as mandates 
for the future. That the organization was 
carefully mapped out may be realized from 
the fact that two whole years of operation 
have disclosed no “‘sore spots,” growth and 
progress alone being noted. In fact, the 
code has been revised only once and then 
only in very minor respects, principally in 
clarifying the wording. 

It may be debatable that the experience 
of some 1,500 members of ten co-operating 
societies in Cincinnati may be used else- 
where, perhaps nationally, as a guide to 
effective group effort. The societies, how- 
ever, feel that they have dealt only with the 
broadest interests in establishing their 
council. They offer the following code for 
study and, if found suitable, adoption by 
other technical and scientific groups. No 
attempt is made to analyze its parts, to 
point out its restricting clauses or to show 
how the committees are interrelated; if it 
requires such interpretation, it fails in its 
purpose. 


Section I—NaAME 


1.01 The co-operative body of the technical 
societies of Cincinnati shall be known as the Tech- 
nical and Scientific Societies Council of Cincinnati, 
hereinafter designated the Council. 


Section II—PuRPOSE 


2.01 The purpose of the Council shall be to 
bring together for co-operative effort in rendering 
more and better service and in furthering scientific 
and technical activities, the technical societies of 
the Cincinnati district, which have as their purpose 
the maintenance of a high professional standing. 


2.02 The Council shall have no jurisdiction 
over the meetings or actions of the constituent 
societies individually or jointly, its purpose being 
limited to the co-ordination of the societies’ activi- 
ties. 


Section I1I—ParRTICIPATING SOCIETIES 


3.01 The following societies are member organi- 
zations of the Council: 


ACS American Chemical Society 

AIEE American Institute of Electrical Engi- 
neers 

ASCE American Society of Civil Engineers 

ASHVE American Society of Heating and Venti- 
lating Engineers 

ASM American Society for Metals 

ASME American Society of Mechanical Engi- 
neers 

ECC Engineers Club of Cincinnati 

IES Illuminating Engineering Society 

IRE Institute of Radio Engineers 

SAME Society of American Military Engineers 


3.02 The governing committee of the Council 
shall be empowered to approve requests of other 
qualified societies for participation in the Council. 
This committee shall also be empowered to accept 
the withdrawal of any society or for just cause to 
request the withdrawal of any society. 


SECTION IV—ADMINISTRATION 


4.01 The administrative affairs of the Council 
shall be executed by the following committees: 


Policy committee 

Program co-ordination committee 
Publication committee 

Executive committee 


Ow 


4.02 The policy committee shall be the govern- 
ing committee of the Council and shall consist of 
the presiding officers of the participating societies, 
the chairman of the Council’s program co-ordina- 
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tion committee, the chairman of the Council's 
publication committee, secretary-treasurer of the 
Council, and two members-at-large. 


4.03 The program co-ordination committee 
shall consist of representatives—one from each 
society—qualified to act upon their respective pro- 
gram and meeting-arrangement matters. It shall 
be the duty of this committee so to arrange the 
programs of the several societies as to reduce con- 
flicts in dates, to encourage joint meetings of two 
or more societies and generally to promote effective 
co-ordination of their activities. 


4,04 The publication committee shall consist of 
representatives—one from each society —qualified to 
act upon publication matters, and the editor of the 
Council’s publication whenever such officer is ap- 
pointed by the policy committee, It shall be the 
duty of this committee to prepare and distribute 
suitable publication material, including the an- 
nouncements of the meetings of the constituent 
societies and such other items as the Council may 
devise, 


4.05 The executive committee shall consist of 
the president of the Council who shall act as 
chairman, chairman of the program co-ordination 
committee who shall act as vice-chairman, chair- 
man of the publication committee, secretary- 
treasurer of the Council, two members of the policy 
committee selected by that committee, and the 
junior past-president of the Council. It shall be 
the duty of this committee to supervise, initiate, 
and direct in detail the affairs of the Council on 
behalf, and subject to the approval, of the policy 
committee, In the event that a member of the 
executive committee is unable to perform his 
duties, the policy committee shall appoint a sub- 
stitute to serve out his term, at the request of the 
president. 


4.06 The chairmen of the several committees 
and the secretary-treasurer shall serve for a period 
of one year without re-election. However, each 
shall serve until his successor has taken office. All 
positions shall be honorary excepting that of 
editor. 


4.07 Each society shall name, and report to the 
secretary of the Council, its representatives on the 
committees before September 1 of each year. 
Then an organization meeting shall be held by each 
committee not later than the 20th of September. 
Each committee meeting shall be called to order by 
its retiring chairman who first shall present a report 
of his committee work and make such recom- 
mendations as he desires. The retiring chairmen 
of the program co-ordination and publication com- 
mittees then shall conduct secret ballot elections of 
their successors. The new chairmen of these two 
committees then shall take charge of their meetings 
and conduct their business, including elections of 
secretaries if the committees so desire. 


4.08 At the organization meeting of the policy 
committee, after making his report and recom- 
mendations, the retiring chairmen shall conduct 
secret ballot elections of the following officers in 
the order given: 

A. Two members-at-large of the policy committee, 
to be chosen from the membership in good standing 
in the constituent societies. 


B. President of the Council (who serves as chair- 
man of the policy and executive committees). 


C. Secretary-treasurer of the Council (who serves 
as secretary of the policy and executive committees) 
to be chosen from the membership in good standing 
in the constituent societies and not necessarily 
otherwise a member of the policy committee. 


D. One member of the policy committee to serve 
as member-at-large on the executive committee for 
a term of two years, 


4.09 Each committee shall hold throughout the 
year such further meetings as may be required, or 
called by its chairman, but meetings in January 
and May at least are mandatory. 


4.10 The secretary-treasurer of the Council 
shall perform the customary duties pertaining to 
his office, but shall be required to submit a financial 
report at the May meeting of the policy committee. 
Also, he shall be required to maintain an up-to-date 
digest of the important actions of the policy and 
executive committees, including those of earlier 
years, and to convey this digest to his successor at 
the organization meeting of the policy committee. 


SECTION V—FINANCES 


5.01 The stated expenses of the Council shall 
be limited to expense in connection with the publi- 


eation. They shall be apportioned equitably on 


the basis of the services rendered. Each organiza- 
tion’s proportionate share of the publication ex- 
penses shall be determined on an annual basis. 


5.02 Any other expenditure must be approved 
by the policy committee. 


Section VI—Copg REVISION 


6.01 Code revisions involving financial con- 
siderations may be enacted or adopted by a three- 
fourths vote of the policy committee. 


6.02 Such other regulations as may be neces- 
sary for the conduct of the business of the Council 
may be enacted or approved by majority vote of 
those present at any policy committee meeting. 


In conclusion, it should be pointed out 
that the council started with a four-page 
monthly publication; this is now expanded 
to 24 pages and it reaches the membership 
at less cost than the four-page original. 
This publication, The Cincinnati Engineer 
and Scientist, supports a part-time editor 
and prints items of common interest in 
addition to the notices concerning the socie- 
ties individually. For the present the 
publication schedule includes ten monthly 
issues from September through June, and a 
directory issue released during the summer 
interval. The 1937 directory includes a 
dual, alphabetical listing of the entire 
membership which required a 72-page issue. 
An innovation recently introduced consists 
of a gummed strip bound into the center of 
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the publication and divided into sections 
by perforations; in these sections are 
printed the emblems of the various societies 
with associated current meeting dates and 
places, so that those who wish may detach 
the sections containing notices of meetings 
they plan to attend and stick them, in 
stamp fashion, to their appointment calen- 
dars as final reminders. 

In addition to publication and other 
routine duties, the Council has arranged 
annual joint meetings of all societies at 
which the average attendance has been over 
2,500. These concrete examples of the 
growth of the movement in Cincinnati are 
offered as an indication of its merits. It is 
believed that the general plan can be em- 
ployed usefully elsewhere. 


ASHVE to Hold Meeting. The 44th an- 
nual meeting of the American Society of 
Heating and Ventilating Engineers will be 
held at New York, N. Y., during the week 
of January 24, 1938. Joint sessions are 
planned with the American Society of Re- 
frigerating Engineers and the National 
Warm Air Heating and Air Conditioning 
Association. 
ing and Ventilating Exposition also will be 
held concurrently at Grand Central Palace. 
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A Public Works 
Department 


Definite recommendations for a public 
works department to be created in the proc- 
ess of government reorganization which is 
still before Congress are to have considera- 
tion during the eighteenth annual meeting 
of the American Engineering Council’s as- 
sembly in Washington, D.C., January 13-15, 
1938. Special studies by the staff and 
a comprehensive report of the AEC public 
works committee regarding the structure of 
a public works department are to be ready 
for discussion at that time. 

Engineers have advocated a public works 
department for many years and now that the 
President’s committee on administrative 
management has also recommended the 
creation of a public works department, en- 
gineers are encouraged to believe that the 
proposal may be due for serious considera- 
tion by this next session of Congress. It is 
not likely to be without opposition, how- 
ever, because even the Brookings Institu- 
tion which made a study for Senator Byrd’s 
committee, failed to support the idea al- 
though they did recommend many changes 
in public works and engineering functions. 

One of the major problems is to determine 
what is public works and to name those bu- 
reaus or activities among federal government 
agencies which should be included in the ini- 
tial structure of a public works department. 
The President’s committee came to the con- 
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clusion that such a department should ‘“‘ad- 
vise the President with regard to public 
works” and that it should be prepared to 
serve other government agencies as indica- 
ted in the following quotation: 


“To design, construct and maintain large-scale 
public works, which are not incidental to the normal 
work of other departments, except as their agent 
on request; to administer federal grants, if any, 
to state and local governments or other agencies for 
construction purposes, and to gather information 
with regard to public works standard throughout 
the nation.” 


The complexity of the problem is indica- 
ted by the fact that neither one of the more 
recent studies undertook to name those en- 
gineering or public works agencies or func- 
tions which should be drawn together into a 
public works department. The President’s 
committee concluded its suggestion, as fol- 
lows: ‘““The committee does not assign to 
the new department particular agencies and 
bureaus, but leaves this assignment to the 
Executive when, and if, the Congress enacts 
a law setting up the general departmental 
structure.” 

Conditions with reference to “public 
works” have changed materially in recent 
years, and engineers in both public and pri- 
vate life have made many observations and 
acquired a vast amount of actual experience 
with public works programs. Recognizing 
that fact, American Engineering Council is 
anxious to help to unite-engineers in their 
public responsibility with reference to pub- 
lic works activities undertaken by the fed- 
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eral government, the several states, and lo- 
calcommittees. To that end, engineers and 
engineering organizations are invited to ex- 
press themselves to the AEC public works 
committee. 


Scientific 
Research Legislation 


The American Engineering Council has 
appointed a special committee to consider 
the ramifications of Congressman Ran- 
dolph’s H.R. 7939 for the promotion and co- 
ordination of scientific research activities as 
a means for the prevention of unemployment 
inthe future. Congressman Randolph seems 
to be leading a school of thought which pub- 
licly subscribes to the philosophy that an 
even greater application of technology to 
industry and business is necessary to insure 
that expansion of capital outlets which 
guarantees an increasing volume of employ- 
ment. 

Although the Randolph bill has not come 
up for action in Congress and is still subject 
to change, it has aroused much interest 
among members of the engineering profes- 
sion. A number of engineers have already 
filed criticisms and suggestions, and Ran- 
dolph informs us that he is anxious to have 
reactions representing all fields of tech- 
nology. Council has not formulated an of- 
ficial policy with reference to this legislation 
but the following observations are made 
available for the convenience of those en- 
gineers and engineering organizations who 
may be concerned about either federal gov- 
ernment support or control of research in 
both pure and applied science. 

In essence, Congressman Randolph pro- 
poses that instead of having a variety of re- 
search projects carried on by government 
bureaus and special research agencies seek- 
ing government funds in an unplanned way 
for their particular projects, these various 
efforts be co-ordinated through the estab- 
lishment of an advisory board made up of 
representatives of the government, of scien- 
tists, and of industry. That approach to the 
problem has appealed to this organization. 

Last year the land-grant colleges intro- 
duced a bill proposing the establishment of 
engineering experiment stations in each state 
paralleling in general the agricultural experi- 
ment station idea. Since the land-grant 
act is administered through the Agricultural 
Department, the land-grant colleges believe 
that any development of such experiment 
stations should be so administered. Mean- 
while the state colleges in 19 states—in some 
of which there are also land-grant colleges— 
sought to have this bill modified so that 
money could be spent at state colleges as 
well as at land-grant colleges in particular 
states. In this proposal, the administra- 
tive machinery would be located in the Bu- 
reau of Standards of the United States De- 
partment of Commerce. 

A third bill confused the issue further by 
proposing a plan for government expendi- 
tures in the field of business research, this 
one to be headed in the Department of Com- 
merce. Each of these bills has had the ac- 
tive support in Congress of the particular 
group of representatives of educational as- 
sociations, the land-grant colleges having a 
committee and the state colleges another, 
the business schools having a third. Mean- 
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while, of course, certain government bu- 
reaus, like the Bureau of Standards and 
the Bureau of Mines, seek money for 
fundamental research, and sometimes the 
regular functions of the government in their 
research efforts are confused with the pro- 
posals outlined above. So far, it has been 
impossible to secure a meeting of minds 
between the college groups. Within cer- 
tain states, there is a feeling of sharp com- 
petition, and as a result in earlier years none 
of the bills have succeeded in passing largely 
because there has been no meeting of minds 
in the state by which the Congressman in 
that state could be induced to take action. 
It seems that Congressman Randolph is 
approaching this matter in a way in which 
some order might be brought out of this 
chaos. While the American Engineering 
council has not committed itself to any de- 
tail of the bills, we have been assisting Mr. 
Randolph in securing all the information he 
can from all the sources, so he will have be- 
fore him as complete a picture of the pro- 
blem as possible before he revises his bill. 
Our understanding is that Congressman 
Randolph has the friendly support of the 
President in his efforts, and this seemed to 
be an added reason, if anything was to be 
done in this matter, for working with Mr. 

Randolph in perfecting his legislation. 


Accurate Maps 
and Public Works 


In response to an invitation from the Fed- 
eral Board of Surveys and Maps, the Ameri- 
can Engineering Council, through its com- 
mittee on surveys and maps, has prepared 
the following statement to be used by a spe- 
cial committee in an effort to have the ‘‘map- 
ping agencies’? seek additional appropria- 
tions from Congress for the acceleration of 
“basic mapping’’ under the Temple Act 
during the fiscal year ending June 30, 1939. 

“American Engineering Council has for 
many years vigorously supported, in the 
public interest, the requests of our member 
engineering organizations that the basic map 
of the United States be completed at the 
earliest possible date. As a move in the 
right direction, American Engineering Coun- 
cil has accepted, in principle, the reeommen- 
dations made by Secretary Ickes in response 
to Senate Resolution 281 which requested a 
program for expediting the topographic 
mapping of the United States. The recom- 
mendations involve a 20-year program 
and the expenditure of $100,000,000. They 
would give the Geological Survey $4,000,- 
000 for topographic surveys and maps, and 
the Coast and Geodetic Survey $1,000,000 
for first and second order control surveys 
in 1938 under such items as the directors of 
the surveys may designate. 

““The committee on surveys and maps of 
American Engineering Council earnestly 
hopes that steps will be taken by the Bureau 
of the Budget and the Congress to appropri- 
ate the minimum of $5,000,000 that is called 
for in this program. They believe that 
in the interest of public economy, of present 
immediate need, and of the future conserva- 
tion of our national resources, this step 
should be taken. 

“Rarlier communications from American 
Engineering Council to the President, to the 
committees of the House and Senate, and to 
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the various federal and state agencies in- 
volved, have pointed out that the fulfilment 
of original Temple Act passed in February 
1925 and supported unanimously by map 
makers and map users alike, is long overdue. 
We can think of no more practical contribu- 
tion to both national economy in a broad 
sense of planning and national economy in 
a strict budgetary sense than can be made 
by the administration and by the Congress 
at this time. ... 

“The committee, in supporting this first 
step toward an adequate mapping program, 
perceives it as only the beginning of a long 


desired objective and earnestly hopes that 
every effort be made to carry out the com- 
plete plan with additional appropriations 
annually of such size as will complete a basic 
map for the United States at the earliest 
possible date. The committee on surveys 
and maps of American Engineering Council 
wishes to record itself as willing to help for- 
ward this program in every proper way con- 
sistent with the great public desirability for 
fulfilment of a very real social and economic 
need for accurate knowledge of both hori- 
zontal locations and topography in all sec- 
tions of this country.” 
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The Joint 
Engineering Organizations 


United Engineering Trustees, Inc., was 
organized in 1904 as an instrumentality of 
the Founder Societies, the 4 national socie- 
ties of civil, mining and metallurgical, me- 
chanical, and electrical engineers. Its pur- 
pose is the managing of property and funds 
in which these societies have joint interests, 
and it is governed by trustees duly ap- 
pointed by the societies as their representa- 
tives. It maintains 2 departments: (1) 
the Engineering Societies Library, and (2) 
The Engineering Foundation. 

The corporation (UET, Inc.) manages 
the Engineering Societies Building and all 
trust funds placed in the hands of the 
United Engineering Trustees, Inc. 

The Engineering Foundation, founded by 
the late Ambrose Swasey (HM’28) in 1914, is 
entrusted with the expenditure of income 
from endowment and other funds. The 
ultimate objective of Foundation is stated 
to be: “for the furtherance of research in 
science and engineering, or for the advance- 
ment in any other manner of the profession 
of engineering and the good of mankind.” 

The Engineering Societies Library is a 
free public engineering library, which, is 
operated for users at a distance, as well as 
for those who visit its rooms in the Engi- 
neering Societies Building. 

In the accompanying articles may be 
found announcements of the elections re- 
cently held by UET and The Engineering 
Foundation, and abstracts of the annual 
reports of these organizations and of the 
Engineering Societies Library. 


Election of Officers of 
United Engineering Trustees, Inc. 


Officers to serve the United Engineering 
Trustees, Inc., for the year 1937-38, were 
elected at the annual meeting of UET 
held in the Engineering Societies Building, 
New York, N. Y., October 28, 1937. D. 
Robert Yarnall, chief engineer of the Yar- 
nall-Waring Company, manufacturers of 
power-plant specialties, Philadelphia, Pa., 
was elected president, and Albert Roberts 
and H. A. Lardner (A’94, F’13) were chosen 
vice-presidents. H. R. Woodrow (A’12, 
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F’23) becomes treasurer, and J. P. H. Perry, 
assistant treasurer. John H. R. Arms, 
general manager, was re-elected secretary. 

The names of all members of the board 
of trustees of UET for the year 1937-38, 
including both new and hold-over mem- 
bers, are as follows: 


Terms expiring October 1938 
a, 2... Perry 

H. A. Lardner 

Terms expiring October 1939 
J. P. Hogan 


ASCE representative 
ASME representative 


ASCE representative 
Albert Roberts AIME representative 
D. Robert Yarnall ASME representative 
H. P. Charlesworth (M’22, F’28, past-president) 

AIEE representative 


Terms expiring October 1940 


O. E. Hovey ASCE representative 
W. D. B. Motter, Jr. AIME representative 
K. H. Condit ASME representative 


H. R. Woodrow (A’12, F’23) AIRE representative 


Terms expiring October 1941 


A. L. J. Queneau AIME representative 
F. M. Farmer (A’02, F’13, director) 
AIEE representative 


Of these, O. E. Hovey, A. L. J. Queneau, 
and K. H. Condit became reappointed 
members at the annual meeting, upon pres- 
entation of credentials from the Founder 
Societies. W. D.B. Motter, Jr., fills the 
unexpired term of H. G. Moulton and H. A. 
Lardner fills the unexpired term of H. V. 
Coes. The following committees were ap- 
pointed: 


Finance: Albert Roberts, chairman; J. P. Hogan, 
H. A. Lardner, H. R. Woodrow, D. Robert Yarnall, 
ex-officio. 


Real Estate: J. P. H. Perry, chairman; A. L. J. 
Queneau, K, H. Condit, H. P. Charlesworth, D. 
Robert Yarnall, ex-officio. 


Engineering Foundation 


Elects Officers 


The annual meeting of The Engineering 
Foundation was held October 14, 1937, in 
the Engineering Societies Building, New 
York, N. Y. F. M. Farmer (A’02, F’13, 
director) was re-elected chairman, and 
D. Robert Yarnall was re-elected vice- 
chairman. 

The executive committee is composed 
of these two, together with George E. Beggs, 
A. L. Queneau, and W. I. Slichter (A’00, 
F’12, national treasurer, member for life.) 
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O. E. Hovey was elected director, and John 
H. R. Arms was elected secretary. 

These officers and the executive commit- 
tee of The Engineering Foundation are 
elected by the Foundation board, from 
among its own members. The Engineering 
Foundation board is itself elected by the 
board of trustees of the United Engineering 
Trustees, Inc. The complete membership 
of the Engineering Foundation board for 
the year 1937-88 is as follows: 


Term 
Name Expires 
Four Trustees of U.E.T., Inc. 
AMI Oieneatlacimiacrdush dey sal Mirna arene 19388 
Dy Robert Yarnalll....éscn ess ASME........1939 
H. P. Charlesworth..........AIEE 1939 
OME HOVE nnn ce 10h ASCE 1941 
Eight Members Nominated by Founder Societies 
GAD Barron enc ene nsacsi secs ALMA PU insists aes 1940 
GUE MBeSes en oem reese TAO Ory 1939 
ME erSOlLCOLG anak scitere ie istic ATU ye anne 1938 
FOS IM armen s. ssivar sve e's rate PALO RS 1939 
Wea pel welleteytjuemicivae ent VL ED dose 1940 
Wane dom) Pearse cersetseies eelece ASCHe cnn 1938 
Wirdleuslichterteurca veutemtes ete el kono n as 1940 
Ais sOSeW Hite! ferareminepe nena wisirc ASML EDS ye. se dots 1939 
Three Member s-at-Large 
ROME BECKEE fain antennal: © eee LIMEEO OA Annee ccce 1938 
FP VeN DOLE vet kels mya a A MS cence tee 1939 
LOB AT BS ting Gecoonoo Huo eors ksi @D: 1939 


Ex-offiicio, President, U.E.T., Inc. 
D. Robert Yarnall 


At the annual meeting members of the 
research procedure committee were ap- 
pointed or re-appointed as follows: 


D. R. Yarnall, chairman, representing The Engi- 
neering Foundation. 


L. W. Chubb (A’09, F’21) director, Westinghouse 
Research Laboratories, Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa., 
representing AIEE. 


F. F. Colcord, representing The Engineering Found- 
ation. 


W.H. Fulweiler, Wallingford, Pa., representing The 
American Society of Mechanical Engineers. 


F. O. Scobey, senior irrigating engineer, United 
States Department of Agriculture, Berkeley, Calif., 
representing the American Society of Civil Engi- 
neers. 


Sam Tour, Lucius Pitkin, Inc., New York, N. Y., 
representing American Institute of Mining and 
Metallurgical Engineers. 


F. M. Farmer (A’02, F’13, director) ex-officio. 


The personnel of other committees as ap- 
pointed or re-appointed at this meeting is 
as follows: 


TRON ALLoys 


G. B. Waterhouse, chairman and director; pro- 
fessor of metallurgy, Massachusetts Institute of 
Technology, Cambridge, Mass., representing Ameri- 
can Institute of Mining and Metallurgical Engi- 
neers, 


Director, National Bureau of Standards, Lyman J. 
Briggs, represented by Doctor J. G. Thompson, 
chief of section on chemical metallurgy, National 
Bureau of Standards, Washington, D. C. 


Director, United States Bureau of Mines, J. W. 
Finch, represented by R. S. Dean, chief engineer, 
Metallurgical Division, Washington, D. C. 


J. T. MacKenzie, metallurgist and chief chemist, 
American Cast Iron Pipe Company, Birmingham, 
Ala., representing American Foundrymen’s Asso- 
ciation, 


John Johnston, director of research, United States 
Steel Corporation, Kearny, N. J., representing 
American Iron and Steel Institute. 


Bradley Stoughton, dean of engineering, Lehigh 
University, Bethlehem, Pa., representing American 
Society for Metals. 


Jerome Strauss, vice-president, Vanadium Cor- 
poration of America, Bridgeville, Pa., representing 
American Society for Testing Materials. 


Deer: Wickenden, metallurgical engineer, Inter- 
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national Nickel Company, New York, N. Vs 
representing The Society of Automotive Engineers. 


J. H. Critchett, vice-president, Union Carbide and 
Carbon Research Laboratories, Inc., New York, 
N. Y., representing American Electrochemical So- 
ciety. 

Wilfred Sykes (A’09, F’14) assistant to the presi- 
dent, Inland Steel Company, Chicago, IIl., and a 
director; member-at-large. 


F. T. Sisco, editor. 


WELDING RESEARCH 
C. A. Adams, (A’94, F’13, past-president, member 


for life) chairman; consulting engineer, Edward 
G. Budd Manufacturing Company, Philadelphia, 
Pa, 

Inc., 


Everett Chapman, president, Lukenweld, 


Coatesville, Pa. 


J. H. Critchett, vice-president, Union Carbide 
and Carbon Research Laboratories, Inc., New 
York, N. Y. 


J. J. Crowe, engineer-in-charge of apparatus, re- 
search, and development department of Air Re- 
duction Company, Jersey City, N. J. 


Table |. Summary of Annual Report of Finance Committee of U.E.T. 


Operation of Building 


Operating revenue vaganass ye eee oe eie prey ele eleiecotsts 


Aik. oneness Og ok be arabe ovactan © $ 159,636.82 


Less operating expenditures....... 0.00 csnseccr cer et cere essere r sree secret etrseresees 135,291.79 
Net operating income before transfers to reserves... . 0.61120 seer cece reenter eee enne 24,345.03 
Operating credit previous Years........6-. ccc ee rr rece ee rr srerenrnctesrrerectssrinnce 8,151.89 
Credit balance September. 30, VOS7in. cic sin scales +o ern oe olsiew wieleteusialisiellaicuvio sale) alm ate pleas) s)ielaie 32,496.92 
Transferred to general reserve fund oo 6.6 ee oe eo owes oie ceo miteieie oie ess se tines se see sianene 8,000.00 
24,496.92 
Transferred to depreciation and renewal fund.........-.--- 22 eect er cece cee e tenes ntees 15,000.00 
Net balance September’ 80)c1 087 nunca stare ote oy eas eer bea, ooo in eigen Mien ee oe ote eas Cal aay fore ee ean $ 9,496.92 
Operation of Library 
Mainitenance fevenite. «calc ae falelece esa eee tie FE aia a malig Wn eenanakbicele aves eave $43,344.13 
Maintenance expenditures .. hata tkerasgsr siberstaredoyshe oa; statesore Bie > win sha aca seode ee 42,944.15 
Credit: balance for year 1937 gecane ce netpne cue nels roereleets mi eneaststoreis tase teiratote 399.98 
Credit: balance:from) previous sy anes: 12 20 aie iete ovale o> cava; x he love) =val etal ayo veeto steve 6,178.69 
Credit‘ balance September: SO 193 Ticaeveiee aac are’ s:s = Eee MO Gp a std Severn anette eas ieee Seats $ 6,578 .67 
Service“ Bureat LEV Suite seiis.« «cteue pies vdinio aoe sayeigaie eth se S aceue heii h olagabewe coueiewa ee Aes 7,887 .08 
Service Bureau expenditures and adjustments. ........662.5-500000esece+ony 6,597 . 30 
(Credit; balance:for year LOS Timss, ass o:5, tem evartenatestaiy sats SIS PaRst ote aeoe a Sireiaes cals e satiels 1,289.78 
Credit balancetiron previous iy Caicos xcsttosioie dba =o) «tials ise bee eda ae eee 4,571.96 
Credit* balance’ September 30} LOST Acriece ners toisvse ob) tcje are oe Fre tee Chm teed le ae en tae 5,861.74 
Total net operating credit balance cumulated to September 30, 1937..................... $ 12,440.41 
Funds and Property 
*Combined Fund: Summary of Investments, September 30, 1937 
Market 
Legal Nonlegal Book Value Value 
Funds included: 
Engineering Foundation fund.............. $494,311.38. .$283,226.19..$ 777,537.57 
Baward Dean Adams finds a it oe Reeeeten ieeuate ei ote eine ae 90,873.03... 90,873.03 
Library endowment fand..2..se-csseoners se O2tesrad 75,210.25.. 167,938.46 
Depreciation*and cenewal fundies eee rete iene 352,411.96.. 352,411.96 
General reservesfGindincs. «sci mein cave tetas eae eters eee 9,170.68.. 9,170.68 
T Ob ales sayus Gh erst estas eucens a Sidansianeanre ete oe $587,039.59. . $810,892.11. .$1,397,931.70 


Investments egalan.. tc mart. xe eteir 
INGRTO SAD care arrterse eta iee. 


Total investment, September 30, 1937..... 


Cash uninvested........ 


Real estate, cost of—September 30, 1937..... 


Accounts receivable, gross 


Alloys of iron research—unexpended income 


Welding research—unexpended income 
Henry R. Towne engineering fund 


Moneys Held for Special Purposes 
Endowment committee (Adams expense fund) 


U.E.T., Inc., Custodian of John Fritz Medal Fund 


Securities held September 30, 1937 
Cash on hand September 30, 1937 


Operating cashr, eect ee ee ee 


The Engineering Foundation—unexpended income 
The Engineering Foundation—temporary investments 


Special Library binding fund (W. S. Barstow)....... 


BMC DAE An CMOS i oa $3,500.00. .$ 


sbvaloya aie epee: Gimbtene $ 656,654.72 


737,309.33 


1,393,964.05. .$1,311,690.72 
3,967 .65 


$1,397,931.70 


19,280.65 


6,180.00. .$ 6,885.00 


50,544.18..$ 36,676.97 


3,535.00 
225,38 


A group of funds managed as one for convenience and economy in investment transactions, 
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ELECTRICAL ENGINEERING 


A. S. Douglass, construction engineer, Detroit Edi- 
son Company, Detroit, Mich, 


(C. L. Eksergian, chief engineer, Budd Wheel 
Company, Detroit, Mich. i 


A. J. Ely, mechanical engineer, Standard Oil De- 
velopment Company, Elizabeth, N. J. : 


ae Hobart pn F'12, member for life) con- 
sulting engineer, eneral Electric C 
Schenectady, N. Y. o cA: 


Bh Ss. Lin is ae member for life) advisory 
engineer, e Babcock and Wil (ee 
New York, N. Y. ret tence 


G. F. Jenks, colonel, Ordnance Department, United 
States Army, Washington, D. C. 


Jonathan Jones, chief engineer, fabricated steel 
7 ey uae Bethlehem Steel Company, Bethle- 
em, Pa. 


Pe G. Lang, Jr., engineer of bridges, Baltimore and 
Ohio Railroad, Baltimore, Md. 


F. T. Llewellyn, research engineer, United States 
Steel Corporation, New York, N. Y, 


Aubrey Weymouth, vice-president and chief en- 
gineer, Post and McCord, Inc., New York, N. Y. 
(Alternate for Jonathan Jones.) 


William Spraragen (A’'17, M'26) secretary, technical 
secretary and editor, New York, N. Y. 


BARODYNAMIC RESEARCH: ADVISORY COMMITTEE 
H. N. Eavenson, mining engineer, Pittsburgh, Pa. 


H. G. Moulton, consulting mining engineer, New 
York, N. Y. 


J. W. Finch, director, United States Bureau of 
Mines, Washington, D. C. 

Chairman Farmer is Foundation’s rep- 
resentative on the executive committee of 
National Research Council. 


Annual Report Issued by 
United Engineering Trustees, Inc. 


The annual report of United Engineering 
Trustees, Inc., for the year ending Septem- 
ber 30, 1937, has been submitted by G. L. 
Knight (A’11, F’17), president. The year 
showed reasonable stability in finances, full 
occupancy of the Engineering Societies 
Building, an increasing use of meeting halls, 
and improvement in the protection of prop- 
erty including resumption of contributions 
to the depreciation and renewal fund which 
had by necessity been withheld since 1932. 
Engineering Societies Building in its thirty- 
first year of activity remains in good physi- 
cal condition with a minimum of repairs 
and maintenance expense. Minor improve- 
ments have been made in certain meeting- 
hall facilities. The American Institute 
of Chemical Engineers now has made its 
headquarters in the Engineering Societies 
Building. 

The depreciation and renewal fund addi- 
tions of $12,000 a year ceased in 1932 in 
order to lighten the building operating 
assessment against the societies at a time 
when the societies’ income suffered from 
lowered volume of membership fees. Dur- 
ing the year just closed, $15,000 has been 
added to the fund, the value of which is 
shown to be $352,411.96 against a building 
held at $1,447,793.92. A summary of the 
report of the U.E.T. finance committee is 
given in table I. 

A new edition of history, charter, and by- 
laws of the corporation, the first since 1931, 
was issued just prior to the close of the fiscal 
year, and gives much of historical and legal 
interest not only to trustees and members of 
the Founder Societies, but also to any 
person who may wish to make a gift or 
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bequest to the corporation or its depart- 
ments for the advancement of science and 
engineering. 


Annual Report Issued 
by Engineering Foundation 


The annual report of the Engineering 
Foundation for the year ending September 
30, 1937, has been submitted by F. M, 
Farmer (A’02, F’13, director) chairman of 
the Foundation board. Chairman Farmer 
conducted the affairs of the Foundation 
during the year with the assistance of John 
H. R. Arms, secretary of United Engineering 
Trustees, Inc., following the death on March 
14, 1987, of Doctor Alfred D. Flinn, secre- 
oe and director of the Foundation since 
1917. 

A summary of the capital fund of the 
Engineering Foundation and a condensed 
financial statement follows: 


Capital Funds 


Endowment, total book value on Sep- 

CEMINSSOU LUG Tita cache se Sak ons be $872,000 
E. H. McHenry bequest, in hands of ex- 

ecutors until decease of 2 life bene- 

ficiaries, appraised at probate of will in 

LOS] approximetely.i.c) cose. cas ssa 400,000 
FRILE WHSEY, Rill Ne Such eg alte me es an 89,102 

The capital funds are held and administered by 
United Engineering Trustees, Inc. The net in- 
come from endowment was $36,596.78 for the fiscal 
year ended September 30, 1937. The Foundation 
board has discretion in use of income. For many 
of the enterprises which the Foundation has aided, 
large contributions of money, services, and ma- 
terials have been obtained from others. 


Expendable Resources 
Balance on October 1, 19386.......... 
Receipts 
Income from endowment .$36,596.78 
Income from minor items. 666.44 


$17,798.93 


37,263, 22 


Watal TESGULCES =. pista s es orbs + He es $55,062.15 


Disbursements 


Research projects......... $22,134.28 

Promotion of research 
and administrative ex- 
SPO Sa aah tres eae 8,572.76 

Total for furtherance and support of 


Mee a a eae Sn a 30,707 .04 


Balance on October 1, 1937.......... $24,355.11 


Money ‘‘contributions’’ from organizations and 
individuals, for specific activities, passed through 
the Foundation’s accounts from its organization to 
September 30, 1937, totaled $282,851.60. 


During the year ending September 30, 
1937, the Foundation aided the following 
activities: 


Soil Mechanics and Foundations Division 
(ASCE, $2,000). The following studies 
have been completed, or are under way: 


(a) Settlement of structures. Progress report in 
the September 1937 ASCE Proceedings. 

(b) Internal earth pressures. Studies have been 
made principally in New York City and Detroit. 
Report prepared and now before the publications 
committee of ASCE. 

(c) Observed settlement of structures in Egypt. 
A report is being prepared. 

(d) Properties of clay-type soils. Many thou- 
sands of tests have made made during the year but 
the program is not yet completed. 

(e) Lateral stability of sheeting and piles. 
preliminary results have been published. 
(f) Properties of ‘‘quick sands.”’ Investigation 
just being started. 

(zg) Stability of earth dams subject to seepage. 
A series of tests is now under way. 


Some 
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(h) Problem of sand boils in connection with up- 
ward flow of water through soils. A series of tests 
is under way. 


(i) Stability of earth banks subject to seepage, 
Data are being collected, 


Hydraulic Researches (ASCE, $1,500). 
The following projects have been actively 
pursued during the year: 


(a) Traveling waves on steep slopes. Studies of 
waves on a traveling belt through a glass-sided 
flume; 2 graduate theses have been written, 


(b) ‘ Curves in open channels. Studies including 
motion pictures have been made with channels set 
up in Pyralin with the flow around a 180-degree 
bend, 


(c) Phenomena of intersecting streams, After 
preliminary work with small metal flumes, square 
flumes have been constructed of Pyralin, experi- 
ments have been run with branch circuits at various 
angles, and studies made with water flowing in both 
directions. A thesis and a report have been pre- 
pared on the data obtained to date. 


(d) Conversion of kinetic to potential energy. 
Library research and laboratory experiments being 
simultaneously conducted. 


(e) Sedimentation at the confluence of rivers. 
A channel 12 by 24 inches and 65 feet long has been 
set up with a tributary channel and facilities have 
been provided for feeding sand to both flumes in- 
dependently, and for varying the angle of conver- 
gence and the slope of the flumes. 


Alloys of Iron (AIME, $5,000). This 
project, a critical compilation of the exist- 
ing information on the alloys of iron, has 
been under way for several years. During 
this year 2 additional monographs were pub- 
lished, the total to date now being 9. Five 
chapters have been prepared for the tenth 
volume ‘‘The Alloys of Iron and Nickel— 
VolumelI.”’ A refinancing campaign carried 
on by the director of this project has re- 
sulted in subscriptions which with continued 
support by the Foundation at the present 
rate, will apparently finance this project to 
completion. 

Barodynamic Researches (AIME, 
$2,500). Studies have been made of the fol- 
lowing: 


(a) Stress distribution in mine pillars and roofs. 
These studies are being made with the aid of the 
centrifugal photoelastic process previously de- 
veloped in connection with this project. 


(b) Methods of overcoming rock burst in deep 
mines. 
(c) Development of artificial mine supports. 


(d) The development of apparatus for the de- 
termination of pressure in loose materials. 


A paper entitled ‘‘Modern Methods of 
Attacking Mining Problems,”’ a direct re- 
sult of the work on this project, was pre- 
sented at the February 1937 annual meet- 
ing of AIME. It is expected that publica- 
tion of information resulting from the above 
activities will be made during the coming 
year. 

Cutting Fluids (ASME, $750). | Experi- 
mental work completed on monel metal and 
reported in a paper in the November 1936 
issue of ASME Transactions. Work being 
conducted on SAE 2345 steel. 

Critical Pressure Steam Boilers (ASME, 
$850). This project has been under way 
for some time, the present program being 
the reaction between steam and metals at 
high temperatures. Apparatus is being 
built to test simultaneously 7 different tube 
materials. 

Fluid Meters (ASME, $900). The pres- 
ent experimental program is on flow nozzles, 
an investigation which has been under way 
for some time, and is expected to require 3 
years to complete. Articles concerning 
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this study have appeared in several tech- 
nical journals. 

Strength of Gear Teeth (ASME, $700). 
Twelve test runs have been made on a spe- 
cial surface fatigue testing machine. A 
series of reports on these tests of surface 
fatigue being prepared for publication. 

Lubrication (ASME, $400). =‘ This proj- 
ect under a special research committee has 
included the compilation of a bibliography 
on lubrication started some time ago, a 
study of the problem of viscosity of lubri- 
cants under pressure, and investigation of 
increased viscosity under high pressure in 
bearing oil films. Two papers have been 
presented by members of the committee 
during the year. An extensive survey of 
lubrication research throughout the United 
States is being made. 

Effect of Temperature on the Properties 
of Metals (ASME, $500). This extensive 
project, which has teen under way for some 
years under the direction of a joint com- 
mittee, the Foundation’s contribution to 
which is a very small amount, was reor- 
ganized during the year, but a total of 9 
research projects, either new or already 
under way, were prosecuted during the year. 

Stability of Impregnated Paper Insulation 
(AIEE, $2,000). This project ouly got 
under way in 1936 under a supervisory com- 
mittee designated by AIEE. Some time 
was spent in overhauling and improving 
equipment utilized on previous work. Cer- 
tain preliminary test experiments involving 
a comparative study of a new procedure and 
the procedure previously used are nearly 
completed. Upon completion, the normal 
program, namely, the determination of the 
influence of the density and other physical 
properties of the paper on the electrical 
properties, the stability, and the life of im- 
pregnated paper insulation, will be started 
and will progress at a steady rate. 

Welding Research (AIEE and AWS, 
$5,939). This project is very active under 
a large representative committee. The 
work is being carried on in 3 subdivisions, 
namely, fundamental research, industrial 
research, and literature. Each division has 
a record of important accomplishments dur- 
ing the year. A total of 32 reports com- 
prising 368 printed pages were published 
during the year. These reports appeared 
in a supplement of the Welding Journal. 

Engineers Council for Professional De- 
velopment ($3,450). The death of General 
R. I. Rees has interfered with the carrying 
on of the work at rate contemplated; 
nevertheless much progress has been made 
under the chairmanship of Professor Chas. 
F. Scott (A’92, F’25, HM’29, past-presi- 
dent). The “accrediting schools’ project 
has been highly successful so that during 
the year the perplexing problem of accredit- 
ing engineering education has been definitely 
solved. The total degree-granting schools 
that have been inspected to date is 134. 
Some of the Foundation funds were used 
for the general overhead expenses of 
this project but the cost of activity itself 
is self-liquidating from the fees paid by the 
schools, which to date have keen something 
like $30,000. A study of the ‘evaluation 
of professional qualifications” is still under 
way. A study has been made of certain 
“aptitude tests’ in 12 institutions which 
has confirmed previous reports that lack of 
schooling essential to engineering can be 
detected by these tests. 
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Personnel Research Federation ($1,200). 
A study of ‘‘Problems Incident to Engineer- 
ing Advances” was made during the year 
and the results published in the Personnel 
Journal. The Federation considers that 
the extensive responses to these reports 
fully justify the investigation. 

Plastic Flow of Concrete (University of 
California, $900). This investigation has 
been under way since 1926, and numerous 
reports have been issued to date, the most 
recent being a paper entitled ‘‘Plastic Flow 
and Volume Changes of Concrete’ pre- 
sented at the 1937 annual meeting of the 
American Society for Testing Materials. 
These later investigations included the 
studies to determine 


. 
(1) Effect of water-cement ratio and aggregate- 
cement ratio upon plastic flow. 

(2) Effect of fineness and composition of cement 
upon plastic flow. 

(3) Plastic flow of concrete in tension and in com-~ 
pression. 

(4) Fiber strains in plain concrete beams under 
constant sustained bending moment. 


(5) Stresses developed in large concrete cylinders 
under conditions simulating those occurring in mass 
concrete. 


Detailed reports on the foregoing various 
projects are on file in the Foundation office, 
and show a large number of specific prob- 
lems over a wide range, rather than a small 
number of elaborate problems. | Further in- 
formation on the Foundation and its activi- 
ties may be obtained from the Foundation 
office, 29 West 39th Street, New York, N. Y. 


Annual Report Issued by 
Engineering Societies’ Library 


The annual report of the Engineering 
Societies’ Library, containing information 
on the use of the library, its finances, and 
acquisitions, for the year ending September 
30, 1937, has been submitted by Doctor 
Harrison W. Craver, director. 

The number of readers was 26,750. In 
addition, 10,227 nonvisitors were supplied 
with information and material in various 
ways: 82 by the loan of 90 books, 112 by 
special bibliographies, 113 by translations, 
2,374 by making 19,535 photocopies, 2,962 
by letters, and 4,584 by telephone. Through 
all these methods, 36,977 persons used the 
library. In the previous year the library 
was used by 37,586 persons; 26,784 visitors 
and 10,812 nonvisitors. The number of 
users has thus remained practically con- 
stant, and the ratio of nonvisitors to visitors 
(2 to 5) has also remained the same. 

Gifts and purchases during the year 
amounted to 11,003 pieces, of which 6,623 
were new to the collection and were added 
LOM Sixty-seven volumes were added 
to the loan collection to meet requests from 
members, and the remaining items were 
given to other institutions or placed in the 
duplicate collection for sale or exchange. 
The sales of duplicates amounted to $431.50. 
Current issues of 1,416 periodicals were 
received, and 571 books, worth approxi- 
mately $2,000, were received for review. 

The gifts numbered 9,641 items; among 
them was that of Colonel W. J. Wilgus who 
presented his valuable library to the so- 
cieties’ library and the New York Public 
Library. Under an arrangement for the 
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division of the collection planned by Colo- 
nel Wilgus and the directors of the 2 © 
libraries, the societies’ library received about | 
950 volumes and 255 cases of manuscript 
reports, etc., including all of the collection 
that dealt with engineering and that was 
not already on its shelves. A valuable 
collection of pamphlets by the late Frank J. 
Sprague (A’87, F’12, past-president) was 
presented by Mrs. Sprague. Other gifts 
were received from the Engineering News 
Record, the Perth Amboy Public Library, 
W. C. Huber, C. T. Hutchinson, Mrs. I. A. 
Ettlinger, Interborough Rapid Transit 
Company, Ralph Modjeski, J. L. Nicholson, 
George Orrok, F. F. Sharpless, and Mygren 
Werner, Inc. 

A continuation of his gift by W. F. Bars- 
tow (A’94, F’12, Life Member) has made 
possible the restoration and rebinding of 
additional items in the collection of rare 
books. 

On October 1, 1936, the library contained 
138,742 volumes, 7,246 maps, and 4,298 
manuscript bibliographies. During the 
year 184 volumes and 40 maps were with- 
drawn, and 2,734 volumes, 124 maps, and 64 
bibliographies were added, bringing the 
total at the end to 141,292 volumes, 7,330 
maps, and 4,362 searches. In addition, 
3,701 pamphlets were added to volumes 
previously counted. The lending collection 
contained 660 volumes at the end of the 
year, and approximately 10,000 duplicate 
volumes and pamphlets were in stock. 
All new publications have been catalogued 
when received and made available at once. 
Cataloging is well abreast of receipts and 
there is no uncatalogued material except 
some recent gifts, which are being handled as 
rapidly as possible. 

Substantial progress has been made on 
the periodical index, which is intended to 
provide a minutely classified guide to the 
important periodical literature of engineer- 
ing. Over 20,000 references were added to 
the file, which now contains 187,000 refer- 
ences to material published during the past 
10 years. The index is becoming increas- 
ingly popular with readers, and it isa matter 
of regret that funds are not available for 
its extension. More indexers are needed, 
as the present staff cannot cope with all that 
is being published. 

Early in 1937, a microfilm copy of the 
library catalogue was made and deposited 
in a bank vault for safekeeping. From this 
film, duplicate card catalogues can be made 
at any time by a simple photographic 
process. Possession of the film has made 
possible an important reduction in the 
amount of insurance carried and so effected 
a continual annual saving of expense. 

The budget for general operations was 
$46,700. Of this sum, $33,000 was appro- 
priated by the Founder Societies, as fol- 
lows: 


American Society of Civil Engineers..... $8,890.90 
American Institute of Mining and 
Metallurgical Engineers.............. 6,921.40 
American Society of Mechanical En- 
PINGETS), rts srets ene ae ee 8,399.50 
American Institute of Electrical En- 
gineers. Joel ae ee ee ee 8,788.20 
Expenditures from the appropriation 


amounted to $42,944.15 of which $8,578.86 
was spent for books and other equipment 
which increased the assets of the library. 
The service bureau received $7,887.08 and 
expended $6,581.87. 
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CONTRIBUTIONS to these columns are invited 
from Institute members and_ subscribers. They 
should be concise and may deal with technical 
Papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but 
_ of necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 


ALL letters submitted for consideration should 
be the original typewritten copy, double spaced. 
Any illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations, 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recogni- 
tion by the American Institute of Electrical 
Engineers. 


Rotor Flux Locus Concept of 
Single-Phase Induction Motor 


To the Edttor: 


In the discussion (EE, Aug. 1937, 
p. 1028-30), of C. T. Button’s paper ‘‘A Sug- 
gested Rotor Flux Locus Concept of Single- 
Phase Induction-Motor Operation,” there 
was no intention of disagreement and any 
seeming disagreement is doubtless due to 
the inability of clearly expressing thoughts 
in words. 

Mr. Button is correct in saying that the 
condition wherein the rotor flux may be 
considered as substantially constant along 
a diameter of the rotor is at or near syn- 
chronism. However, this condition was 
mentioned in the second paragraph and 
included throughout the comments. 

He also states that the ‘‘pulsating com- 
ponent in the quadrature rotor axis’ is 
neglected. While this statement is indefi- 
nite, it is assumed that it refers to the 
quadrature flux component. A careful 
reading of the comments will show that 
the quadrature flux is accounted for by the 
double-frequency flux-sustaining currents 
and the rotation of the rotor. In the as- 
sumed case where the rotor is held station- 
ary and the field excited by rectified single- 
phase current, the factor of field rotation 
is eliminated and the flux acts only in one 
fixed direction, so that in this case there is 
no quadrature space relation, but the flux 
that is sustained by the double-frequency 
rotor currents while the primary magnetiz- 
ing force goes through zero is the quadra- 
ture time flux. 

The expression “after the rotor flux is 
once established” was merely intended 
to exclude the transient conditions as the 
rotor comes up to speed. 

Considering the single-phase motor in 
the form of a stationary squirrel cage in a 
field excited by rectified single-phase current 
is the same method as used in considering a 
polyphase motor in the form of a squirrel 
cage in a d-c or constant field. It elimi- 
nates the factor of field rotation in both 
cases. 

Mr. Button states that the conditions of 
coils A and B are transitory. This is true 
under slip conditions. However, this as- 
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sumption of the two coils at right angles 
was used only in connection with synchro- 
nous conditious where they are not transi- 
tory. The comments clearly stated that 
in the practical motor under slip conditions 
these two sets of currents, the slip or torque 
currents of slip frequency and the flux sus- 
taining currents of double frequency, less 
slip, are superimposed, and that the posi- 
tions of the rotor conductors are constantly 
shifting from the transformer to the speed 
condition and vice versa. This action 
produces the characteristic single-phase 
rotor current form of one wave of slip fre- 
quency with another of double frequency 
less slip superimposed. 

The expression “tendency to keep in 
synchronism’”’ may be somewhat misleading. 
However, it does not indicate that the rotor 
actually attains synchronism, but that there 
is a tendency in that direction, a well-known 
characteristic of squirrel-cage motors. 

The term ‘‘torque’’ was used in the sense 
of the torque produced by the electrical 
reactions between the field and rotor. Un- 


less we eliminate mechanical rotation and 
reduce to stationary conditions as outlined 
by holding the rotor stationary and recti- 
fying the single-phase exciting current, there 
is a negative torque due to friction, windage, 
etc,, but this torque is not pulsating. Pul- 
sating negative torque is only produced 
above synchronism. 

The terms “speed voltage” and ‘‘trans- 
former voltage’’ were used to indicate their 
source, A speed voltage involves a trans- 
formation between electrical and mechanical 
forces while a transformer voltage involves 
a transformation between electrical forces. 

As Mr. Button states, the reactions under 
slip conditions are rather complex. It was 
intended to confine the argument more par- 
ticularly to synchronous conditions and 
show how at synchronism, the double- 
frequency rotor currents maintain the flux 
approximately constant along a fixed rotor 
diameter, so that a rotary field is developed 
by the mechanical rotation of the sustained 
rotor flux. Other characteristics of the 
single-phase squirrel-cage motor that are 
explained by this method were mentioned, 
but space would not permit taking them 
up in detail. 

Very truly yours, 
Epwarp Bretcu (M’19) 


President, The Advance Electric 
Company, St. Louis, Mo. 


Peer an | Fete 


A. P-T. Sau (A’35, M’36) professor of 
physics, Tsing Hua University, Peiping, 
China, recently was appointed president of 
the National University of Amoy, Amoy, 
China. Doctor Sah, who formerly served 
as visiting professor on the electrical engi- 
neering faculties of both The Ohio State 
University and the Massachusetts Institute 


A. P-T. SAH 


of Technology, was born July 24, 1902, at 
Foochow, China, and after receiving the 
degree of bachelor of arts at Stanford Uni- 
versity in 1924, enrolled in the electrical 
engineering school of Worcester Poly- 
technic Institute, where he received the 
degree of electrical engineer (1925) and 
doctor of science (1927). For one year 
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after his graduation in 1927 he was affiliated 
with the Westinghouse Electric & Manu- 
facturing Company, Pittsburgh, Pa., fol- 
lowing which be became chief engineer of the 
China Radio Corporation, Tientsin. In 
1928 he was appointed assistant professor 
of electrical engineering and physics at 
Tsing Hua University and in the following 
year he received his full professorship. In 
1936 Doctor Sah returned to the United 
States as visiting professor of electrical en- 
gineering at The Ohio State University and 
Massachusetts Institute of Technology, 
and during his stay presented 2 papers on 
the engineering application of dyadics at 
the Institute’s 1937 winter convention. 
Since 1935 Doctor Sah has served as a 
member of the Chinese National Electro- 
technical Committee, affiliated with the 
International Electrotechnical Commission. 
He is a member of the Chinese Engineering 
Society, Chinese Science Society, Chinese 
Physical Society, and the Chinese Institute 
of Electrical Engineering. 


G. M. L. SommerMAN (A’31, M’37) re- 
search engineer for the American Steel & 
Wire Company, Worcester, Mass., has been 
awarded the Alfred Noble Prize for 1937, as 
reported elsewhere in this issue. The award 
was made for his paper “Properties of 
Saturants for Paper-Insulated Cables,” 
which was published in the May 1937 issue 
of ELECTRICAL ENGINEERING, pages 566-76, 
and presented at the AIEE 1937 summer 
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convention, Milwaukee, Wis., June 21-25. 
Doctor Sommerman was born July 2, 1909, 
at Baltimore, Md., and received the degrees 


of bachelor of engineering (1929) and doctor | 


of engineering (1933) at The Johns Hopkins 
University. Following his graduation in 
1929 he became a research assistant at that 
institution, devoting his attention to in- 
vestigations sponsored by the former Na- 
tional Electric Light Association, and in the 
following year enrolled in the graduate 
school of electrical engineering. In 1931 he 
became an assistant physicist for the Con- 
solidated Gas, Electric Light, and Power 
Company of Baltimore, and in 1934 joined 
the research engineering staff of the Amer- 
ican Steel & Wire Company, where he has 
been in charge of fundamental researches 
on properties of materials for use in high- 
voltage cables. Doctor Sommerman is a 
member of the Institute’s committee on re- 
search and was a member of the committee 
on instruments and measurements from 1934 
until 1987. He has made many contribu- 
tions to the technical literature on dielec- 
trics, and has been an active member of the 
committee on electrical insulation of the 
division of engineering and industrial re- 
search of the National Research Council. 
He is a member of the American Physical 
Society, American Association for the Ad- 
vancement of Science, American Society for 
Testing Materials, Sigma Xi, and Tau Beta 
Pi. 


S. A. Tucker (A’28) division engineer, 
Brooklyn Edison Company, Inc., Brooklyn, 
N. Y., recently became associate editor of 
Power a periodical published by the Mc- 
Graw-Hill Publishing Company, New York, 
N. Y. Mr. Tucker was born October 11, 
1905, at New Britain, Conn., and is an 
electrical engineering graduate of Yale 
University. Soon after his graduation he 
became associated with the Brooklyn Edi- 
son Company as a cadet engineer, and was 
associated with that company for more than 
10 years. 


A. J. ALLEN (M’27) operating vice-presi- 
dent of the Ohio Bell Telephone Company, 
Cleveland, recently was made president of 
the Cincinnati and Suburban Bell Tele- 
phone Company, Cincinnati, Ohio. Mr. 
Allen was born April 27, 1881, at Peoria, 
N. Y., and attended Geneseo State Normal 
School and Williams College. In 1907 he 
became associated with the Central Dis- 
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trict Telegraph Company, Pittsburgh, Pa., 
as a traffic assistant, later becoming division 
supervisor of traffic before leaving that 
company to join the engineering depart- 
ment of the American Telephone and Tele- 
graph Company, New York, N. Y., in 1910. 
For several years his work with the Ameri- 
can Telephone and Telegraph Company 
was concerned with local operating and 
engineering problems, but later he became a 
traffic engineer and in 1929 was made an 
assistant vice-president of the company. 
In the following year he was transferred to 
Cleveland as operating vice-president of 
the Ohio Bell Telephone Company. 


T. H. Hoce (M’31) chief hydraulic eni- 
gineer of the Hydro-Electric Power Com- 
mission of Ontario, Toronto, has been ap- 
pointed chairman of the Commission. Mr. 
Hogg was born April 20, 1884, at Chippawa, 
Ontario, and received the degrees of bache- 
lor of applied science, civil engineer, and 
doctor of engineering at Toronto Univer- 
sity. In 1908 he became a member of the 
designing department of the Ontario Power 
Company, remaining there until 1911, when 
he became editor of Canadian Engineer. 
His affiliation with the Hydro-Electric 
Power Commission began in 1913, when 
he was appointed assistant hydraulic 
engineer. Doctor Hogg held that posi- 
tion until he was appointed chief hydraulic 
engineer in 1921. Since 1926 he has served 
as a consulting engineer for the government 
of the Dominion of Canada, the Province 
of Ontario, and for several local power com- 
panies. 


S. A. Canariis (A’25, M’27) assistant 
power engineer, Bureau of Water, Depart- 
ment of Public Works of the City of Pitts- 
burgh, Pa., recently was appointed water 
works electrification engineer for the in- 
dustrial department of the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa. Born in Odense, Den- 
mark, in 1893, Mr. Canariis received his 
formal technical education at the Poly- 
technical School of Odense, graduating in 
1915. In 1922 he came to the United 
States, and was employed by several com- 
panies in various capacities before being 
appointed senior engineer of the commercial 
engineering division of the Duquesne Light 
Company, Pittsburgh, Pa., in 1926. Mr. 
Canariis became assistant power engineer 
for the Bureau of Water of the City of 
Pittsburgh in 1931. 


R. M. Baxer (A’35) research engineer, _ 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., has been 
appointed to the faculty of the Kansas 
State College of Agriculture and Applied 
Science, as an instructor in electrical engi- 
neering. Mr. Baker, a native (1903) of 
College Station, Texas, received the degree _ 
of bachelor of science in electrical engineer- — 
ing at the University of Texas in 1926, and 
the degree of master of science in electrical 
engineering at the University of Pittsburgh 
in 1931. Since 1928 he has been employed 
continuously in the research laboratories 
of the Westinghouse company, where he 
has been occupied chiefly in a study of 
electrical sliding contacts and related prob- 
lems. During 1932-33 he studied in the 
Technische Hochschule of Charlottenburg, 
Germany, and was associated with the 
Siemens Research Laboratories in Berlin. 
Mr. Baker has presented several papers be- 
fore the Institute. 


ARTHUR Simon (A’03, F’13) consulting 
electrical engineer for the Cutler-Hammer 
Co., Milwaukee, Wis., has established his 
own consulting engineering firm, with offices 
in Milwaukee. Doctor Simon was born 
in Ebersheim, Germany, May 21, 1881, 
was educated in the public schools of Ger- 
many, and later attended the Technical 
University of Darmstadt, from which he 
received a diploma of engineering in 1902. 
He came to the United States in 1903 when 
he entered the employ of Cutler-Hammer 
Company as an electrical engineer. In 
1905 he was placed in charge of a-c engineer- 
ing, and in 1921 was appointed consulting 
engineer to the company. He served as a 
member of the Institute’s committee on 
power transmission and distribution, from 
1923 until 1925. Doctor Simon will retain 
his connection with the Cutler-Hammer 
Company. 


J. H. Manninc (M’14) president, Stone 
and Webster Engineering Corporation, 
New York, N. Y., has retired from active 
service. Born October 1, 1883 at Fall 
River, Mass., Mr. Manning was graduated 
from Worcester Polytechnic Institute with 
the degree of bachelor of science in civil 
engineering in 1906 before becoming as- 
sociated with the consulting engineering firm 
of Hugh L. Cooper, New York, N. Y., asa 
draftsman. He remained with that organi- 
zation until 1910, when he joined the staff 
of the Stone and Webster Engineering 
Corporation at Boston, Mass. He was 
superintendent of construction on many of 
the Stone and Webster projects throughout 
the United States, and has been associated 
with the engineering activities of that or- 
ganization continuously for 27 years. Mr. 
Manning is a member of the American 
Society of Civil Engineers. 


S. L. HENDERSON (A’12, M’34) section 
engineer for the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa., has been promoted to the position of 
district engineer, with offices at New York, 
N.Y. A native of Boston, Mass. (1883), 
Mr. Henderson received the degree of bache- 


ELECTRICAL ENGINEERING 


He was a member of the 
Institute’s committee on electrical ma- 
chinery from 1928 until 1935 (chairman 
1932-34) and a member of the technical 
program committee from 1932 until 1934. 
At present Mr. Henderson is a member of 
the sectional committee on rotating ma- 
chinery .of the American Standards Asso- 
ciation. 


R. C. Mason (A’26) who has been for 
several years a research engineer for the 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., recently 
has become associated with the Physisch 
Laboratorium, Utrecht, Netherlands. Mr. 
Mason is a native (1903) of Bentonville, 
Arkansas, and an electrical engineering 
graduate of the University of Arkansas 
(1924). After graduating from the student 
training course of the Westinghouse Com- 
pany, he became an engineer in the materi- 
als and process engineering department 
in 1925, but later was transferred to the re- 
search laboratories. Mr. Mason was a 
member of the electrophysics (now basic 
sciences) committee from 1933 until 1937 
(chairman 1936-37). 


W. A. Nicnors (A’37) since 1931 an 
engineer in the special products department 
of the Northern Electric Company, Ltd. 
Montreal, Que., Canada, recently became 
associated with the Canadian Broadcasting 
Corporation as chief engineer of radio sta- 
tion CBL at Hornby, Ontario. Mr. Nichols, 
a graduate (1928) of the University of 
Toronto, formerly was associated with 
Canadian National Telegraphs, and with 
the Northern Electric Company, where 
much of his work was concerned with 
sound equipment. 


J. H. Irwin (A’20) who has been a cable 
specialty salesman in the Chicago (IIl.) office 
of the Aluminum Company of America for 
the last 13 years recently was made man- 
ager of the company’s Atlanta Ga. office. 
Mr. Irwin was born December 12, 1892, at 
Philadelphia, Pa., and was graduated from 
the University of Pennsylvania in 1915 with 
the degree of bachelor of science, immedi- 
ately following which he joined the engi- 
neering sales staff of the Aluminum Com- 
pany of America, with offices at Philadel- 
phia, Pa. 


E. W. Conroy (M’32) superintendent 
of light and power, Puget Sound Power and 
Light Company, Bremerton, Wash., has 
been transferred to the central district 
offices of the company at Seattle, Wash., 
and has been made assistant to the general 
superintendent of light and power. Mr. 
Conroy, a native of Helena, Mont., and an 
electrical engineering graduate of the Uni- 
versity of Washington, has been associated 
with the Puget Sound Power and Light 
Company continuously since 1922. 
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G. W. THaxton (M’36) formerly division 
engineering supervisor of the Rural Elec- 
trification Administration, Washington, 
D. C., has become electrical engineer for 
the Chase Brass and Copper Company, 
Inc., and the Kennecott Wire and Cable 
Company, New Orleans, La. Prior to his 
affiliation with the Rural Electrification 
Commission, Mr. Thaxton was division 
engineer of the Tennessee Valley Authority 
at Tupelo, Miss. 


E. L. Morevanp (A’ll1, F’21) partner 
in the firm of Jackson and Moreland, Bos- 
ton, Mass., and head of the department of 
electrical engineering of Massachusetts 
Institute of Technology, Cambridge, has 
been appointed to represent the Institute 
as alternate on the electrical standards com- 
mittee of the American Standards Associa- 
tion. Professor Moreland is also Institute 
representative on the standards council of 
the American Standards Association. 


FREDERICK BEDELL (A’91, F’26, past 
vice-president, member for life) recently 
retired from his position as professor of 
physics at Cornell University, Ithaca, 
N. Y., and will become professor emeritus. 
Doctor Bedell will continue to do research 
work at the University and in the R. C. 
Burt Scientific Laboratories, Pasadena, 
Calif., where he expects to spend the next 
few months. 


H. S. Drxon (A’35) who has been an as- 
sistant engineer, Reclamation District No. 
108, Knights Landing, Calif., recently be- 
came a member of the electrical engineer- 
ing staff of Purdue University, Lafayette, 
Ind. A native (1910) of Woodland, Calif., 
Mr. Dixon received the degree of bachelor of 
arts (1931) and the degree of electrical en- 
gineer (1935) at Stanford University. He 
is a member of Tau Beta Pi. 


W. M. Leeps (A’32) electrical engineer 
for the Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa., 
recently awarded a B. G. Lamme scholar- 
ship by the Westinghouse company, has 
been granted a year’s leave of absence to 
pursue graduate work at Massachusetts 
Institute of Technology, following which he 
will return to the switchgear engineering 
department of the company. 


F. V. Macarnaes (A’07, F’19) executive 
assistant to the president, Consolidated 
Edison Company of New York, Inc., New 
York, N. Y., has been appointed to serve as 
the Institute’s representative on the com- 
mittee on low-voltage hazards of the Na- 
tional Safety Council, and on the electrical 
committee of the National Fire Protection 
Association. Mr. Magalhaes is chairman 
of the Institute’s board of examiners. 


J. D. Ross (A’08, F’12) superintendent 
of lighting, City of Seattle, Wash., and a 
former member of the United States Se- 
curities and Exchange Commission, has 
been appointed administrator of the Bon- 
neville power project. Mr. Ross has been 
associated with the city lighting department 
of Seattle for 30 years, 26 of which have 
been as superintendent. 


News 


BE. A. BaLpwin (A’07) vice-president and 
general European manager of the Inter- 
national General Electric Company, Paris, 
France, recently was made an officer of the 


Legion of Honor in recognition of his many 


services to France. Mr. Baldwin has been 
associated with the General Electric Com- 
pany since 1896, and has been in the foreign 
department of the company since 1899, 


O. F. Atren (A’l0, F’24) consulting 
engineer, New York, N. Y., recently re- 
signed from his position with the Public 
Works Administration in New York, to 
devote his entire time to his consulting 
engineering practice. He continues as 
managing director of Martin Motors, Inc., 
and as secretary and director of American 
Rezo, Inc. 


C. F. Harvine (A’06, F’14) vice-presi- 
dent, head of the school of electrical engi- 
neering and director of the electrical labo- 
ratories of Purdue University, Lafayette, 
Ind., has been appointed to serve as the 
Institute’s representative on the American 
Engineering Council assembly for the cal- 
endar year 1938. 


W. H. Butss (A’30) formerly an instruc- 
tor in electrical engineering at the Univer- 
sity of Maine, Orono, recently became a 
communications engineer for RCA Com- 
munications, Inc., New York, N. Y., where 
he is doing experimental work on radio fac- 
simile transmissions. 


R. A. ScHLEGEL (A’36) who has been 
colliery electrician for the Philadelphia and 
Reading Coal and Iron Company, Mahanoy 
City, Pa., recently became a service engi- 
neer with the Brown Instrument Company 
Industrial Division of the Minneapolis 
Honeywell Regulator Company, Philadel- 
phia, Pa. 


V. M. MonrtsInceEr (A’14, F’29) research 
engineer, General Electric Company, Pitts- 
field, Mass., has been appointed to serve as 
the Institute’s representative on the elec- 
trical standards committee of the Ameri- 
ean Standards Association. Mr. Mont- 
singer is chairman of the Jnstitute’s com- 
mittee on standards. 


W. M. Bauer (A’29, M’36) since 1929 
an instructor in electrical engineering at 
Northwestern University, Evanston, IIL, 
now is a part-time assistant in electrical 
engineering at Harvard University, Cam- 
bridge, Mass., where he is enrolled in the 
graduate school as a candidate for a doc- 
torate degree. 


H. M. WirHerow (A’28, M’36) designing 
engineer, General Electric Company, Fort 
Wayne, Ind., has been transferred to the 
design department of the General Electric 
Company, Lynn, Mass. Mr. Witherow 
is a past chairman (1935-36) of the AIEE 
Fort Wayne Section. 


MacKLEN KiLeman (A’37) assistant en- 
gineer, Thompson Gibb Electric Welding 
Company, Lynn, Mass., recently became 
welding engineer for the Lycoming Division 
of the Aviation Manufacturing Corporation, 
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Williamsport, Pa. Mr. Kleiman is a mem- 
ber of the American Welding Society. 


F. E. Jounson (A’13, F’31, director) 
dean of the college of engineering, Univer- 
_ sity of Missouri, Columbia, has been ap- 
pointed to serve as the Institute’s represen- 
tative on the Engineer’s Council for Pro- 
fessional Development for the term 1937— 
40. 


F. J. Sarrorp (A’35) who has been an 
assistant in the electrical engineering de- 
partment of Columbia University, New 
York, N. Y., recently was appointed a re- 
search assistant in the department of elec- 
trical engineering at Massachusetts In- 
stitute of Technology, Cambridge. 


L. F. Morenouse (A’16, F’20) has been 
elected to full membership in the British 
Institution of Electrical Engineers. Doc- 
tor Morehouse is technical representative 
in Europe of the American Telephone and 
Telegraph Company and of Bell Telephone 
Laboratories, Inc., with offices in London. 


F. M. Farmer (A’02, F’18, director) vice- 
president and chief engineer of the Electrical 
Testing Laboratories, New York, N. Y., has 
been appointed to serve the Institute as 
representative on the United Engineering 
Trustees, Inc., for the 4-year term begin- 
ning October 1937. 


H. A. LarpNer (A’94, F’13, member tor 
life) vice-president, The J. G. White En- 
gineering Corporation, New York, N. Y., 
has been elected a vice-president of United 
Engineering Trustees, and also a trustee of 
that agency, representing the American 
Society of Mechanical Engineers. 


WIL~s MacracHLan (A’08, F’21, past 
vice-president) consulting electrical engi- 
neer, Toronto, Ont., Canada, has been ap- 
pointed to serve the Institute as represen- 
tative on the National Fire Waste Council. 
Mr. Maclachlan is chairman of the Insti- 
tute’s committee on safety. 


DoucLas Monrcomery (A’26) has re- 
signed from the Westinghouse Electric & 
Manufacturing Company, New York, N.Y., 
with which company he was a field engineer, 
to become an electrical draftsman for The 
Detroit Edison Company, Detroit, Michi- 
gan. 


J. E. Zreonp (A’23) who has been an 
assistant electrical engineer for the public 
works branch, United States Treasury 
Department, Washington, D. C., recently 
became associated with the Duquesne 
Light Company, Pittsburgh, Pa., as an 
electrical engineer. 


J. W. Gray (A’86) formerly a teaching 
fellow in the physics department of the 
University of Washington, Seattle, now is 
an instructor in the electrical engineering 
department of the University of Idaho, 
Moscow. 


G. H. Biriesner (A’35) until recently 
farm electrification agent for the Puget 
Sound Power and Light Company, Mount 
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Vernon, Wash., now has become agricul- 
tural electrical engineer for the Yam Hill 
Electric Company, Newburg, Ore. 


R. F. Hays, Jr. (A’36) formerly an in- 
structor in the department of physics, Mis- 
sissippi State College, State College, now is 
employed as a vapor lamp engineer by the 
Westinghouse Lamp Division at Bloom- 
field, N. J. 


E. R. Paice (A’35) until recently an 
electrical engineering instructor at Cornell 
University, Ithaca, N. Y., has become af- 
filiated with the engineering department of 
the Niagara Hudson Power Corporation, 
Buffalo, N. Y. 


H. H. HenLINe (A’19, M’26, national 
secretary) has been appointed to serve as 
the Institute’s representative on the stand- 
ards council of the American Standards 
Association for the 3-year term beginning 
January 1, 19388. 


Roy Wiixins (A’16, F’29) who has been 
an engineer for the K-P-F Electric Com- 
pany, San Francisco, Calif., now is associ- 
ated with the firm of George E. Honn, San 
Francisco. Mr. Wilkins has been a consult- 
ing engineer in that city for several years. 


FRANK WoreEL (A’29) who has been 
chief toll testman of the Michigan Bell 
Telephone Company, Ann Arbor, has been 
transferred to the Grand Rapids office of 
that company as an exchange repairman. 


H. L. Corrrns (A’35) has resigned his 
position as chief engineer of the Invincible 
Vacuum Cleaner Manufacturing Co., Dover, 
Ohio, to become production engineer with 
the Knapp-Monarch Company, St. Louis, 
Mo. 


Grorc KEINATH (M’37) director of the 
laboratories of Siemens and Halske, Berlin, 
Germany, recently came to the United 
States to establish consulting engineering 
offices at New York, N. Y. 


K. H. Brack (A’37) second lieutenant, 
U.S. Army Corps of Engineers, Fort Law- 
ton, Seattle, Wash., now is employed in the 
meter department of the Puget Sound Power 
and Light Company, Seattle. 


K. E. V. Hatvar (A’31) formerly assis- 
tant operating and maintenance engineer 
with the Husqvarna Vapenfabriks, Husk- 
varna, Sweden, now is with the Stone and 
Webster Engineering Corporation, Boston, 
Mass. 


H. E. Reep (A’32) formerly an electrical 
operator for the Maine Seaboard Paper 
Company, Bucksport, now is employed 
as an electrical tester for the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa. 


C. V. Porine (A’27) formerly an elec- 
trical engineer in the Hawthorne works of 
the Western Electric Company, Inc., Chi- 
cago, Ill., has been appointed an assistant 
electrical engineer for the Tennessee Valley 
Authority, Knoxville, Tenn. 


A. M. FLUKE (A’37) who has been a test 
engineer for the General Electric Company, 
Schenectady, N. Y., has been transferred 
to the Bridgeport, Conn., works of that 


News 


company in the resistance welding engineer- 
ing department. = 


R. A. TyLER (A’36) who has been assis- 
tant superintendent in the electric depart-_ 
ment of the Oklahoma Gas and Electric 
Company, Enid, has been transferred to the 
Oklahoma City offices of that company as 
service foreman. 


J. R. Eaton (A’27, M’35) until recently — 
an engineer for the Consumer Power Com- 
pany, Jackson, Mich., has enrolled in the 
graduate school of electrical engineering 
at the University of Wisconsin, Madison. 


H. D. LarraBeEe (A’06) operating super- 
intendent of the Connecticut Light and 
Power Company, Norwich, Conn., has been 
transferred to the Willimantic offices of that 
company. 


F. B. Weston (A’33) who has been a 
draftsman for the General Electric Com- 
pany, Bridgeport, Conn., now is a junior 
design engineer for M. H. Rhodes, Hart- 
ford, Conn. 


G. K. Wiiitams (A’34) until recently an 
electrical engineer at Cornell University, 
Ithaca, N. Y., now is employed in the in- 
spection development laboratory of the 
Western Electric Company, Baltimore, Md. 


H. R. Wooprow (A’12, F’23, past-di- 
rector) vice-president of the consolidated 
Edison Company of New York, Inc., New 
York, N. Y., has been elected a vice-presi- 
dent of United Engineering Trustees. 


Obituary 


ROBERT CALTHROP Brown (A’03, mem- 
ber for life) vice-president of the Brazilian 
Tramway, Light, and Power Company, 
Barcelona Tramway, Light, and Power Com- 
pany, Mexican Light and Power Company, 
Mexico Tramway Company, and Cana- 
dian and General Finance Company, Ltd., 
Toronto, Ont., Canada, died October 30, 
1937. Mr. Brown, born June 1, 1866, at 
Medford, Mass., was graduated from Tufts 
College with the degree of bachelor of arts 
in 1888, and received the degree of elec- 
trical engineer in 1894. In 1889 he was 
employed by the Somerville Electric Light 
Company as lineman, but later in the same 
year entered the employ of the West End 
Street Railway Company, Boston, Mass., 
in its engineering department. In 1890 he 
was appointed assistant superintendent of 
electric power in the same company, which 
position he held for one year before resign- 
ing to take charge of the electrical work of 
the Brooklyn City Railroad, Brooklyn, 
N.Y., in 1891. In 1894 Mr. Brown became 
affiliated with the Montreal Street Railway 
Company as an electrical engineer, and from 
1895 to 1898 was employed by the Halifax 
Tramway, Light, and Power Company as 
general manager. In 1899 he went to 
Brazil, where he remained until 1901 as 
general manager of the Sao Paulo Tramway, 
Light, and Power Company. From 1902 
until 1905 he served as electrical engineer 
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with the Toronto and the Niagara River 
Power Company; in 1906 he was appointed 
anaging director of the Mexican Tram- 
ways Company, Mexico City, and subse- 
quently held numerous offices in Mexican 
and South American companies. 


Puitip Price Barton (A’00, M’01, F’12, 
member for life) retired electrical engineer, 
Hartford, Conn., died September 3, 1937. 
Mr. Barton was born May 5, 1865, at Lock 
Haven, Pa., and was graduated from Cor- 
nell University with the degree of bachelor 
of philosophy in 1886; he then enrolled in 
the graduate school and was granted the 
degree of master of science in 1888, following 
which he was employed in the electrical de- 
partment of the Cambria Iron Company, 
Johnstown, Pa. In the same year he be- 
came associated with the Allegheny County 
Light Company, Pittsburgh, Pa., but re- 
mained there only for a brief period before 
becoming a test engineer for the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., in 1889. Later he 
was transferred to the Chicago (IIl.) offices 
of that company as a construction engineer, 
and remained there until 1891, when he was 
employed in the office of the special agent 
of the Brush Electric Company, Pittsburgh, 
Pa., as engineer and salesman. After 
serving in a similar capacity in the Pitts- 
burgh offices of the General Electric Com- 
pany for a brief period, Mr. Barton was 
appointed assistant electrical superintendent 
of the Niagara Falls Power Company in 
1899. Successively he became superintend- 
ent of operation, general manager, vice- 
president and general manager, serving 
concurrently as general manager of the 
Canadian Niagara Power Company,vice- 
president and general manager of the Ni- 
agara Junction Railway Company and the 
Niagara Development Company, and as 
director of the Bank of Niagara. 


James AQUILLA CoRRELL (A’08, M’29) 
professor of electrical engineering, Univer- 
sity of Texas, Austin, died October 30, 
1937. Professor Correll was born in Wayne 
County, Ohio, May 4, 1883, and received 
the degrees of bachelor of science in me- 
chanical engineering (1903) at Kansas State 
Agricultural College, bachelor of science 
in electrical engineering (1907) at Massa- 
chusetts Institute of Technology, and mas- 
ter of science in electrical engineering (1925) 
at the University of Texas. Following his 
graduation in 1903 he was appointed re- 
frigeration engineer for the Louisiana Pur- 
chase Exposition at St. Louis, Mo., and 
following the close of the exposition, became 
assistant engineer for the Zeigler Coal Com- 
pany, Zeigler, Ill. In 1907 he was apopinted 
to the faculty of the University of Texas as 
an instructor in electrical engineering, later 
becoming adjunct professor (1915), asso- 
ciate professor (1918), and professor of 
electrical engineering (1927). During the 
World War he was head of the engine divi- 
sion of the United States Government school 
of military aeronautics at the University 
of Texas. Professor Correll was co-author 
of a textbook on a-c circuits, and was a 
member of the Society for the Promotion 
of Engineering Education and the former 
National Electric Light Association. 
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ALBERT BENTON JUNKINS (M’24) con- 
tracting electrical engineer, Baltimore, Md., 
died in July 1937, according to word just 
received at Institute headquarters. Mr, 
Junkins was born in Baltimore February 12, 
1894, attended Baltimore City College, and 
received the degree of bachelor of science in 
electrical engineering at The Johns Hopkins 
University in 1917. Following his gradua- 
tion he became assistant to the power plant 
engineer of the Chesapeake and Potomac 
Telephone Company, Baltimore, but in the 
following year received a commission in the 
communication branch of the United States 
Army Air Corps, serving as an instructor 
in radio and telephone communication, In 
1919 he returned to his former position 
with the Chesapeake and Potomac Tele- 
phone Co., but remained for only one year 
before becoming electrical engineer for the 
Union Ship Building Company, Baltimore. 
In 1921 Mr. Junkins became affiliated with 
Stone and Webster, Inc., as assistant to the 
electrical superintendent on the construc- 
tion of the American Sugar Refinery, Bal- 
timore, and upon completion of that prope 
ect became electrical engineer for the newly 
organized company. After serving briefly 
as a construction engineer for the Electro- 
mechanical Company, Baltimore, he es- 
tablished his own electrical contracting busi- 
ness, and pursued it without interruption 
for more than 10 years. 


Membership 


Recommended 
for Transfer 


The board of examiners at its meeting on Novem- 
ber 18, 1937, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Case, H. M., chief engineer, Long Island Lighting 
Company, New York, N. Y. 

Hunt, L. F., protection engineer, Southern Cali- 
fornia Edison Company, Ltd., Los Angeles, 
Calif. 

McKearin, J. P., chief engineer, Western Massa- 
chusetts Companies, Springfield, Mass. 

Wooldridge, William J., manager, electric sheet 
sales, Allegheny Steel Company, Brackenridge, 
Pa. 


4 to Grade of Fellow 


To Grade of Member 


Baker, T. S., chief engineer, communications divi- 
sion, Hearst Radio, Inc., New York, N. Y. 
Bellows, K. F., division engineer, Consolidated 
Edison Company of New York, Inc., New 
York, N. Y. , 

Blakeslee, T. M., electrical engineer, Bureau of 
Power and Light, Los Angeles, Calif. 

Burke, J. H., electrical engineer, The Scranton 
Electric Company, Scranton, Pa. ; 
Craton, F. H., commercial engineer, General Elec- 

tric Company, Erie, Pa. | f 
Hapgood, K. E., assistant engineer of design and 
construction, Tennessee Valley Authority, 
Chattanooga, Tenn. ; ; f ; 
Hough, E. L., electrical engineer, Union Electric 
Company, St. Louis, Mo. : 
Keene, C. L., supervising engineer, Ocean Accident 
and Guarantee Corporation, New York, N. Y. 
Leihy, C. W., editor, Electric Light and Power, 
Chicago, Ill. , 
Love, N. R., chief engineer, Denver Tramway 
Corporation, Denver, Colo. 
McLean, C., assistant engineer, Northwestern 
Electric Company, Portland, Ore. 

Scheering, W. 5., substation engineer, Western 
Mass. Companies, Springfield, Mass. ; 
Schlup, E. G., electrical engineer, The American 

Rolling Mill Co., Middletown, Ohio. 


13 to Grade of Member 


News 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
peep in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name, Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before December 31, 1937, or Feb- 
ruary 28, 1938, if the applicant resides outside of 
the United States or Canada. 


Anderson, J. W., Metropolitan Water District of 
Southern California, Los Angeles, Calif, 

Bagnall, V. B. (Member) American Telegraph and 
Telephone Company, New York, N. Y. 

Bain, J. R., Dominion Sound Equipments, Ltd., 
Vancouver, B. C., Canada, 

Baker, B. P., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa, 

Bloodworth, E, W., Wilson Dam, Ala. 

poet E. L., Duke Power Company, Salisbury, 


aGi 

Borland, E. E., Smith Milligan Electric Company, 
Tulsa, Okla, 

Breon, K, H., Pennsylvania Power & Light Com- 
pany, Williamsport, Pa. 

Brown, F. H., Copperweld Steel Company, New 
York, N. Y. 

Browne, A. A., Westinghouse Electric & Manu- 
facturing Company, Portland, Ore. 

Bulliet, L. J., W. F., and John Barnes Company, 
Rockford, Ill. 

Cain, D. E., General Electric Company, St. Louis, 


oO. 

Caplan, R. S., Gulf Refining Company, Houston, 
Texas. 

Cartmell, A. W., Municipal Light and Power De- 
partment, City of Pasadena, Calif. 

Clayton, M. B., Tennessee Valley Authority, Wil- 
son Dam, Ala. 

Colby, B. H., General Electric Company, Pitts- 
field, Mass, 

Cook, V. M., Consolidated Edison Company of 
New York, Inc., New York, N. Y. 

Davenport, H. H., Southwestern Bell Telephone, 
Company, San Antonio, Texas. 

Dillon, H. W., Southern Pacific Lines, Houston, 
Texas, 

Doumaux, A. R., General Electric Company, New 
York, N. Y. 

Elliott, R. M., Pacific Telephone and Telegraph 
Company, San Francisco, Calif. 

Evans, K., Canadian Westinghouse Company, 
Hamilton, Ont., Canada. 

Fay, F. H. (Member) American Telephone and 
Telegraph Company, New York, N. Y. 

Fisher, H. J., Bell Telephone Laboratories, In- 
corporated, New York, N. Y. 

Galassini, J. P., Commonwealth Edison Company, 
Chicago, III. 
Garman, G. W., General 
Schenectady, N. Y. 
Glenny, W. W., Reliance Electric & Engineering 
Company, Cleveland, Ohio. 

Gower, A. G., Jr., (Member) Westinghouse Electric 
and Manufacturing Company, Boston, Mass. 

Grandi, L. L., Agriculture and Mining College of 
Texas, College Station. 

Hannah, E. I., Maydwell & Hartzell, Inc., Los 
Angeles, Calif. 

Harker, D. C., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Hebbard, R. E., Interborough Rapid Transit Com- 
pany, New York, N. Y. 

Hawekotte, R. M., Bell Telephone Laboratories 
Incorporated, New York, N. Y. 

Hochstetter, P. E., United American Bosch Cor 
poration, Springfield, Mass. 

Huffstutter, J. W., Westinghouse Electric & Manu- 
facturing Company, Sharon, Pa. 

Hull, R. (Member) Delco-Remy Corporation, 
Anderson, Ind. 
Jimenez-Michelena, L. G., Massachusetts Institute 
of Technology, Cambridge. . 
Johnson, J. S., Stone and Webster Engineering 
Corporation, Hartford, Conn. 

Kerr, T. B., Quincy Electric Light and Power Com- 
pany, Quincy, Mass. 

Klingensmith, J. A., Electric Storage Battery Com- 
pany, Washington, D. C. 

Kotchevar, J. F., Janette Manufacturing Com- 
pany, Chicago, II1.4 

Kurth, H. L. R. (Member) Boston Edison Com- 
pany, Boston, Mass. 

Lachicotte, F. W. (Member) Duke Power Com- 
pany, Charlotte, N. C. 

Lachicotte, F. W., Jr., Carolina Power and Light 
Company, Canton, N. C. 
Leatherman, L. A. (Member) Bell Telephone Labo- 
ratories, Incorporated, New York, N. Y. 
Lovoi, F. J., Houston Light and Power Company, 
Houston, Texas. 

Luenberger, F. O., U. S. Electrical Motors, Inc., 
Los Angeles, Calif. 

MacDonald, M. W., 622 West 113 Street, New 
York, N. Y. 

Marshall, R. T., Houston Lighting and Power Com- 
pany, Houston, Texas. ‘ 

Martin, E. L., Tennessee Valley Authority, Chat- 
tanooga, Tenn. 

McKinley, W. W., Commonwealth and Southern 
Corporation, Jackson, Mich. 

Melcher, J. C., Leeds & Northrup Company, 
Philadelphia, Boston, Mass. 


Electric Company, 
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Miller, A. R., Union Metal Manufacturing Com- 
pany, Canton, Ohio. 

Minneci, S., General Electric Company, Pittsfield, 
Mass. 

Monfort, C. E., Jr., Union Electric Company of 
Missouri, St. Louis. 

Morton, L. W., General Electric Company, Sche- 
nectady, N. Y. 

Murphy, W. J., Consolidated Edison Company of 
New York, Inc., New York, N. Y. 

Naylor, H. E. Jr., Tennessee Valley Authority, 
Wilson Dam, Ala. 

Nelson, C. B. (Member) Nelson Electric Supply 
Company, Nelson Electric Manufacturing 
Company, Tulsa, Okla. 

Nelson, S. H., Southern New England Telephone 
Company, New Haven, Conn. 

Pakala, W. E., Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 
Palermo, A. J., Westinghouse Electric and Manu- 

facturing Company, Sharon, Pa. 

Palmer, R. J., Virginia Public Service Company, 
Alexandria, Va. 

Porter, W. J., Canadian Westinghouse Company, 
Hamilton, Ont., Canada. 

Ross, A., Moloney Electric Company, St. Louis, 
Mo 


Ross, W. E. (Member) Canadian General Electric 
Company, Ltd., Toronto, Ont., Canada. 

Russ, J. C., General Electric Company, Pittsfield, 
Mass. 

Shower, E. G., Bell Telephone Laboratories, In- 
corporated, New York, N. Y. 

Silbermann, E. F., United States Navy, New York, 
INT, WY, 


Sloan, K. H., United States Navy, New York, 
ING 


Smith, R. E. (Member) Public Service Company of 
Northern Illinois, Evanston, 

Southall, C. S. (Member) Phoenix Engineering 
Corporation, New York, N. Y. 

Spiller, P., Consolidated Edison Company of New 
York, Inc., New York, N. Y. 

Stewart, G. S. (Member) Canadian General Elec- 
tric Company, Toronto, Ont., Canada. 

Thomas, S. H., General Electric Company, New 
York, N. Y. 

Thring, R. G. (Member) Capital Transit Company, 
Washington, D. C. 

Ulmer, L. S., 849 Harrison Avenue, Schenectady, 

i 


Volle, C. ist, Union Electric Company, Monsanto, 


Wane, D., Canada Wire and Cable Company, Ltd., 
Leaside, Ont., Canada. 

Weiser, L. G., Westinghouse Electric and Manu- 
facturing Company, Louisville, Ky. 

Whitner, R. L. (Member) Roller-Smith Company, 
Bethlehem, Pa. 

Wilkoff, H. M. (Member) American Steel & Wire 
Company, Worcester, Mass. 

Williamson, R. L., Aluminum Company of Amer- 
ica, Atlanta, Ga. 

Wright, F. T., Underwriters’ Laboratories, Inc., 
New York, N. Y. 

Zurcher, L. A., Case School of Applied Science, 
Cleveland, Ohio. 


85 Domestic 


Foreign 

Anand, L. S., City and Guild Laboratories, London, 
England. 

Bhargava, M. L., 35 Hussain Ganj, Lucknow, 
India. 


Caparro’s, J. R. R., Public Service Commission, 
San Juan, Porto Rico. 
MacLean, L. R., Bolivian 
Oruro, Bolivia. 

Maissi, E., 39, rue Dulong, Paris 17e, France. 

Megwinoff, I., Power Electric Company, San Juan, 
Puerto Rico. 

Rama Rao Naidu, D. V., Madanapalle Electric 
supply Corporation, Ltd., Madanapalle, South 
mndia. 

Wear, R. H. (Member) Messrs. Blackstone and 
Company, Ltd., Sydney, Australia. 


8 Foreign 


Power Company, 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 

+ once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Boissonnault, F. L., 928 W. 8th Place, Los Angeles, 


Calif. 
Charlton, H. C., 4827 Wilson Avenue, Montreal, 
Que., Canada. 
ed ae Peter G., 50 Stanton St., Schuylkill Haven, 
a. 
Dadashev, Musa, 32 Zamkovaja, Ulitsa, Baku, 
U.S.S.R. 


Fassett, Frank C., 100 Seward Ave., Detroit, Mich. 
Gregory, G. A., 1217 Jefferson Street, Olympia, 
Wash. 
Hall, John R., 1464S. 74th St., West Allis, Wis. 
mete icin D., South 228 Lincoln St., Spokane, 
ash. 
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Kirk, W. C., 216 E. 22nd St., Owensboro, Ky. 
Koziol, Roman Joseph, 174 Farmington Ave., 
Hartford, Conn. A 
Macomber, George S., Federal Power Commission, 

Washington, D. C. 
McLean, Lee Vance, 1926 North Blvd., Baton 
Rouge, La. 
Rizk, Kaleel S., Co. 418, C.C.C., Olustee, Fla. 
Roberts, William N., 4175 Springle, Detroit, Mich. 
Tribble, William Harry, 303 Park Place, Brooklyn, 
INDY: 


15 Addresses Wanted 


Engineering 


Literature 


Among the new books received at the Engi- 
neering Societies Library, New York, recently 
are the following which have been selected be- 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


ENGINEERING MECHANICS, DYNAMICS. 
By S. Timoshenko and D. H. Young. New York 
and London, McGraw-Hill Book Company, 1937. 
323 pages, illustrated, 9 by 6 inches, cloth, $2.75. 
An elementary textbook on dynamics intended to 
give the student a thorough grounding in funda- 
mentals. Contains discussions of 3 phases of the 
subject not usually contained in elementary books: 
vibration, elliptic harmonic motion, and relative 
motion. 


ENGINEERING PROBLEMS MANUAL. By 
F. C. Dana and E. H. Willmarth. Third edition. 
New York and London, McGraw-Hill Book Com- 
pany, 1937. 313 pages, illustrated, 8 by 5 inches, 
cloth, $2.25. A textbook for courses in engineering 
problems with the object of training the engineering 
student in good habits of work and study. The 
first 7 chapters furnish a ground work for this 


training; chapter 8 presents some 300 review 
problems; and chapter 9 contains miscellaneous 
tables. 


MECHANICS and HEAT. (Physics for Tech- 
nical Students). By W. B. Anderson. Third edi- 
tion. New York and London, McGraw-Hill Book 
Company, 1937. 378 pages, illustrated, 9 by 6 
inches, cloth, $2.50. This first volume of a set 
covers only mechanics and heat; sound, light, 
electricity, and magnetism are covered in a second 
volume. Intended as an elementary textbook. 


TEXTBOOK of PHYSICS. 


By L. B. Spinney. 
Fifth edition. 


New York, Macmillan Company, 
1937. 721 pages, illustrated, 9 by 6 inches, cloth 
$3.75. A textbook for university and college 
students emphasizing the practical applications of 
physics and illustrates the laws by reference to 
familiar phenomena. 


THERMODYNAMICS. By H. A. Everett. 
New York, D. Van Nostrand Company, 1937. 
430 pages, illustrated, 9 by 6 inches, cloth, $3.75. 
A textbook for a college course. Covers funda- 
mentals and discusses various phases in the light 
of modern developments, 


x. WIRELESS SERVICING MANUAL. By W. 
tf. Cocking. Third revised edition. London, 
Wireless World, Iliffe & Sons, Ltd., 1937. 241 pages, 


illustrated, 8 by 5 inches, cloth, 5s. Covers the 
principles and practice of the repair and adjust- 
ment of wireless receivers. Deals in detail with 
methods of fault finding and describes the use of 
test apparatus. 


THEORIE et PRATIQUE des 
FONDAMENTAUX de la T.S.F. By J. Quinet. 
Paris, Dunod, 1937. 431 pages, illustrated, 10 by 
7 inches, paper, 120 frs. (140 frs., bound). An 
elementary study of the use of the calculus of 
imaginaries in the field of wireless telephony. 
Divided into 3 parts: the first deals with applica- 
tions of the method to radio; the second shows 
its application to electricity; the third, application 
to the theory and construction of fundamental 
circuits in wireless telephony. 


CIRCUITS 


STROM- und SPANNUNGSWANDLER. By 
M. Walter. Munich and Berlin, R. Oldenbourg, 
1937. 159 pages, illustrated, linen, 8.80 rm. De- 
scribes current and voltage transformers for switch- 
ing installations. Covers current and voltage trans- 
formers as to method of operation, construction, 
safety precautions, connections, selection, and test 
procedures. 


News 


_H. G. Pearson. 


SCIENCE of SEEING. By M. Luckiesh and ~ 
New York, D. Van Nostrand Com- 


F. K. Moss. l 
pany, 1937. 548 pages, illustrated, 9 by 6 inches, 
cloth, $6.00. A treatment of aspects not primarily 
considered in the various sciences with which seeing 
is connected. Discussions deal largely with con- 
trollable factors—physiological, typographical, il- 
luminative. 


SAGA of the SEAS. By P. B. McDonald. New 
York, Wilson-Erickson, 1937. 288 pages, illustrated 
10 by 6 inches, cloth, $3.00. A biography of Cyrus 
W. Field, of which the greater part is devoted to 
his greatest achievement, the laying of the first 
Atlantic cable. Illustrated with contemporary 
prints and portraits. 


RICHARD COCKBURN MACLAURIN. By 
New York, Macmillan Company, 
1937. 302 pages, illustrated, 9 by 6 inches, cloth, 
$3.00. A biography of the president of the Massa- 
chusetts Institute of Technology, 1909-1920. 
Chiefly concerned with his work in that capacity. 


RADIO ENGINEERING. By F. E. Terman. 
Second edition. New York and London, McGraw- 
Hill Book Company, 1937. 813 pages illustrated, 
9 by 6 inches, cloth, $5.50. Revised edition of a 
comprehensive engineering treatment of the more 
important vacuum-tube and radio phenomena. 


PSYCHOLOGY of SELECTING EM- 
PLOYEES. By D.A. Laird. Third edition. New 
York and London, McGraw-Hill Book Co., 1937. 
316 pages, illustrated, 9 by 6 inches, cloth, $4.00. 
A practical treatment of the fundamental considera- 
tions in selecting men. Discusses psychological 
means and methods of selecting employees, and 
shows the employer how to find efficient employees 
in his own establishment, as well as in his employ- 
ment office. 


PREPARATION for SEEKING EMPLOY- 
MENT. By H.L. Davis. New York, John Wiley 
& Sons, 1937. 39 pages, tables, 8 by 6 inches, 
paper, $0.25. A pamphlet for the guidance of those 
who seek employment for themselves or others. 


PHYSICS for STUDENTS of APPLIED SCI- 
ENCE. By J. E. Shrader. New York and London, 
McGraw-Hill Book Company, 1937. 638 pages, 
illustrated, 9 by 6 inches, cloth, $4.00. Presents 
tundamentals necessary to give the technical stu- 
dent a working knowledge of physics. 


MODERN THEORIES of INTEGRATION. 
By H. Kestelman. Oxford, England, Clarendon 
Press; New York, Oxford University Press, 1937. 
252 pages, tables, 10 by 7 inches, cloth, $5.50. Con- 
cerned primarily with the theory of Lebesgue inte- 
gration as simplified by C. Carathéodory. De- 
signed as to be intelligible to one having a knowl- 
edge of elementary analysis. Includes discussion 
of Riemann integration, extensions of the Lenesgue 
integral, and Fourier series. 


MANUAL of MATHEMATICS and MECHAN- 
ICS. By G. R. Clements and L. T. Wilson. New 
York and London, McGraw-Hill Book Company, 
1937. 266 pages, illustrated, 9 by 6 inches, leather 
$3.75. Contains facts and formulas useful in 
courses in mathematics and mechanics, also for 
general reference work. 


LABOR’S SEARCH for MORE. By M. Keir. 
New York, Ronald Press Company, 1937. 527 
pages, 9 by 6 inches, cloth, $3.50. Endeavors to 
present a record of the struggles, in recent times, 
of ordinary persons to improve their lot. Intended 
to furnish an insight as to why workers have been 
and are seeking more security, more income, more 
leisure. Strikes, trials, political campaigns, and 
mechanization are considered along with general 
economic data. 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


Mie as a public reference library 
of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


; Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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1937 Index — Electrical Engineering and Transactions 


_ This multientry annual reference index covers comprehen- 
_ Sively the entire text content of the 12 issues of ELECTRICAL 
ENGINEERING published during 1937 and the identical 
content of the 1937 ATEE Transactions, volume 56: 
the index covers also a supplement of 28 pages published 
in the TRaNsacTions, which contains the following two 


papers not published in ELecrricaL ENGINEERING: 


1. FUNDAMENTAL CONCEPTS OF SYNCHRONOUS MACHINE RRActT- 
ANCES, by B. R. Prentice (pages 1-21 of supplement). 


2. Per-UNIT Quanrtitizs, by Irven Travis 


ment). 


A special effort has been made to provide effective corre- 
lation between references to technical papers and all pub- 


lished discussions of those papers. 
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Technical Subject Index 


Abrasion—A Factor in Electrical Brush 


MWWenrere: Eronsier fous. cc xc sco. 8-12 and 16 
IDisetand closure. (i: .........>. nk 601 
Accidents, Electrical. Kouwenhoven. 1077-79 
Activity, Branch. MacCutcheon.... 777 
Administration of Federal Power in the 
Pacific Northwest, Proposals for. 
RIREDORGER Shas Stes. ss Sele oe 964-7 
After Graduation—W hat Then? 
PAAMAINDRG : ot.Wer ee cided Oks ie 418-19 
ATEE 1937-38 Budget, The. Harri- 
SOUS SS taG Apo oe. SRS S TR se bees 1433 
Air-Gap Reactances, Characteristic 
Constants of Single-Phase Induc- 
tion Motors. Part I. Morrill... 333-8 
PEG: GRC ClOBUTON, woae ocd bs se oa 1312 


Air, Workers in New Chicago Building 
to Breathe Electrically Cleaned. 
EIGER SPIES 80> .cxtdRe atari ies orale 1378 
Aireraft, Present-Day and Probable 
Future Electrical Applications in. 
PSOE SEI ot tte sca Taig» 6,2) « 959-63 
A-C Characteristics of Dielectrics—I1. 
Banos. (Dec. 1936, p. 1329-37) 
DRG aaTCLOBUTC) las 6 0.5 el adysly >< > os A7T7 
A-C Machines, Operational Solution 


of. Miller. (Nov. 1936, p. 1191-— 
1200) 
IDI bs Ee a ak ee oe Eee 1028 
A-C Motor Protection. Kuhn...... 589-93 
TAGS RHC GIOSUFS ac)...ifis te eRe. s wie 1306 
Algebra Applied to 3-Phase Circuits, 
Dyadic. Sah. (Aug. 1936, p. 
876-82) ; 
POTSC HANG CROSUTC .2ie.o ocis | = bape sieve 610, 1030 
Algebra in Transformer Circuits, Ten- 
sor. Bewley. (Nov. 1936,  p. 
1214-19) ; 
ae o.oo ns, era ew oes 614 


Alternator, Double - Line - to - Neutral 
Short Circuit of an. Smith, Wey- 
SENG Ue Doce MEA oy ene era 1149-55 
Alternator Short-Circuit Currents Un- 
der Unsymmetrical Terminal Con- 
ditions. Miller, Weil.........-- 1268-76 
Alternator-Voltage Regulator Utilizing 
a Nonlinear Circuit, An. Mayne. 
Slept fain a ROL ee 462-4 and 476 
ic ngineering Council, The. 
SEAS a On 1082-1084 
Amplification Loci of Resistance- 
Capacitance Coupled Amplifiers. 
Seletzky. (Dec. 1936, p. 1364-71) a 
Disc. and closure.......----+++++++ 877 


1937 REFERENCE INDEX 


(pages 22-8 of supple- 


Discussions of many 


SAR ele rd 


Analysis of Copper-Oxide Rectifier Cir- 

cuits, An. Huss....... 354-60 and 366-7 
Analysis of Series Capacitor Applica- 

tion Problems. Butler, Concordia 975-88 
Analysis of the Shaded Pole Motor, An. 


Trickey. (Sept. 1936, p. 1007-14) 
JOiso- SndGlOsiire meas. Saate cies see 612 

Analyzer Solution of Multiple Unbal- 
ances, Network. Kimbark...... 1476-82 


Apparatus Noise Measurement, A Pro- 

posed Test Code for. Committee 

RSpOrie eles etm ioe | Fag tse. 1079-82 
Application of Arresters and the Selec- 


tion of Insulation Levels. Foote, 
Niasrincotkwe oe ones ree. atest 677-82 
Disereand ClOsUTe: 14a. ec hol ow 1293, 1407 


Application of Spill Gaps and Selection 


of Insulation Levels. Melvin, 
PIerce y= eee oN aks oe 689-94 
Disc wand closures cc = ach ane ale o's 1290, 1408 


Page Allocations by Issues 


Maia ys eee ees ee me 1-209 
February. 903-298 
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Transactions Supplement (Not published 
in ELECTRICAL ENGINEERING)........ 1-28 


_———————————— EEE 


Technical Subjects 


Technical subjects. 


technical papers published during the latter part of 1936 
were published in the early part of 1937, ard hence ap- 
pear in this current index. 
of the later 1937 papers will be published early in 1938, 


and consequently will not be found among the references 
contained in this current index, 


Likewise, many discussions 


For convenience in use, this index is subdivided into the 
following general sections: 


Authors, including the writers of discussions. 
News items pertaining to Institute activities. 
News items of a general nature. 


Biographical (personal and obituary) items. 


Application Problems, Analysis of 

Series Capacitor. Butler, Con- 

COLGIA ei cere ee Cee aa ey aut 975-88 
Applications in Aircraft, Present-Day 

and Probable Future Electrical. 

Boughtonk (asain. atc oka 959-63 
Applications in Bethlehem’s 72-Inch 

Strip Mill, Electrical. Egan. .1105—-1114 
Approximating Potier Reactance. 

Beckwith: sncckcvie fae eee 813-18 


Are Characteristics Applying to Flash- 
ing on Commutators. Hellmund. 107-13 
Discarand closuresarwn te merinien ete 603 
Arrester, Characteristics of the New 
Station-Type Autovalve Light- 
HLN eee. LUO na Deen re ae meer, eee 819-22 
Arresters and the Selection of Insula- 
tion Levels, Application of. 


Hoote Nonouier seem sei aie ete 677-82 
Disen and closure csr oe ian 1293, 1407 
(ASA) Revision of Standards for Rail- 
way Motors, Storer... anss020% 312-13 
Atoms and Spinning Electrons, Spin- 
Ning ae eOALPO Wie ek eo areeeee ee 1228-35 


(Auditory Perspective) Sound Rein- 
forcing System for Hollywood 


BOW Beaten cetstetetsie asses iatae nore 412-13 
Automatic Boosters on Distribution 
Circuits. Olmsted. (Oct. 1936, 
p. 1083-96) 
Dise-and ‘closure: pet. eek eee 893 


(Automatic Stations) An Alternator- 
Voltage Regulator Utilizing a 
Nonlinear Circuit. Mayne...... 


(Automatic Stations) Electrical Water- 
Level Control and Recording 
Equipment for Model of Cape 


God Canal» Hazen... 0... .-6u Loree: 
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acteristics of the New Station- 
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(Aviation) Electricity Aloft. John- 
BU OU EN cette as arate eran aaeiioter 406-10 
Balancing of Small Gyroscope Rotors, 
Dynamic. Esval, Frische....... 729-34 
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Basic Impulse Insulation Levels. 
EEI-NEMA Committee Report. . 711-12 
DISCMANCUCLOSUTG a. emne ete a ne istic 1298, 1405 
Basin Project, The Columbia. Dar- 
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Bearings, Watt-Hour Meter. Kin- 
pee Oe Cy ee A SE 129-37 
Dise. and elosure...--.-..--.---- 877, 1204 


Bethlehem’s 72-Inch Sizip Mill, Elec- 
trieal Applications in. Egan. .1105—-1114 
Bipost-Base Lamp, New 1,000-Watt. 


(Committee Report).....-.----- "791-804 
Boosters on Distribution Circuits, 
Automatic. Olmsted. (Oct. 1936, 


Boulder Power Plant, Switchboards 

for. McClellan, Peterson, Gar- 

a a ee A Oe 224-36 and 244 
Branch Activity. MacCutcheon..... 777 
Breaker, The UltrahighSpeed Re- 

closing Expulsion Oil Circuit. 


ey Capacitance Control of 
Voltage Distribution in Multi- 


break. Van Sickle..........-. 1018-24 
Bee Pe les ie paeeeen.a LA 1514 
Broadeast Allocation Structure, The. 
Suen = ay 4 Rg and a iene 666-70 
Brush Wear, Abrasion—A Factor in 
Electrieal. Hessler......... 8-12 and 16 
Wier, ated Ghgires.. an ae 601 
Brushes for Steel-Mill Equipment, 
ourtess. sS6nlly © o>. tne 1165-8 
Budget, The ATEE 1937-38. Harri- 
Fs ee or AA 1433 


Business Methods, A Suggested Course 
on Industrial Economics and. 
Hetirmmund “22. 22. P=. 446-54 and 475 
i 1396 


Cable Insulation, Studies of Stability 
of. Halperin, Betzer. (Oct. 1936, 
p. 1074-82) 
Dise. and closure 
Cable Limes in Chicago, New Oil- 
Filled. Halperin, Shanklin...... 7 
fa 9 ee ee 
Cables, Properties of Saturants for 
Paper-Insulated. Sommerman.. 5 
Ppaner) RE CINE. ooo oa as oe = 
Calculating Corona Loss From High- 
Voltage Transmission Lines, Em- 
pirieal Method of. Carroll, Rock- 
, ee ee BR: eee 55 
Caleulations, Electrical Computer 
Eliminates. 
Calibration of the 
Sphere Gap, 
Sprague, Gold 
yan aes eleenine ss 8 oe es s,s 
Calorimetric Measurement of Dielec- 
trie Losses in Solids. Race, 
Leonard. (Dec. 1936, p. 1347-56) 
Dise. and elosure..........-.....- 
Capacitance Control of Voltage Dis- 
tribution in Multibreak Breakers. 
re Paes onc areretaete tens ols tae 
Dise 
Capacitance of a Parallel-Plate Ca- 
pacitor by the Schwartz-Christ- 
offel Transformation, The. Pal- 
PRET tte a a4 Oe ES ras ie» BS 
Capacitive Loading, Unsymmetrical 
Short Circuits on Water-Wheel 
Generators Under. Wagner..... 1385-95 
Capacitor Application Problems. 
Analysis of Series. Butler, Con- 


50-Centimeter 
Sixty-Cycle. 


363-6 


Capacitor by the Schwartz-Christoffel 
Transformation, The Capacitance 
of a Parallel-Plate. Palmer..... 

Capacitor Motors With Windings Not 
in Quadrature. Puchstein, Lloyd. 

Nov. 1935, p. 1235-9) 
Diseiand elesire.- 5225 -s= S e 


1538 


Cape Cod Canal, Electrical Water- 
Level Control and Recording 
Equipment for Model of. Hazen 237-44 


Carbon Arc, Further Characteristics 
et the, Kalb: ....- 2 sac es 319-24 

Carbon Brushes for Steel-Mill Equip- 
meni. “Wall... ... o> ose ae 1165-8 

Cathode-Ray Oscillograph, A New 
High-S Kuehni, Ramo.. 721-8 
Dise. and closure.-4.- 52 «+ - << see 1401 


Cause and Elimination of Noise in 

Small Motors, The. Appleman. .1359-67 
Characteristic Constants of Single- 

Phase Induction Motors. Part I: 


Air-Gap Reactances. Morrill... 333-8 
Dise; and elope. 2 =. cee ae = 1312 
Characteristics of the Carbon Arc, 

Prrtiter. Walia. i.e oe aoe 319-24 
Characteristics of the New Station- 

Type Autovalve Lightning Ar- 

Tester, RomaAil >... = se dele s-c 819-22 
Charles Le Geyt Fortescue. Powel.. 781-3 
Chicago, New Oil-Filled Cable Lines 

in. Halperin, Shanklin......... 739-48 

Dat. ANd ClOSUIG). ~~. aac ar te oe 1307 
Cireuit Constants, Impulse-Generator 
Voltage Charts for Selecting. 

PSipARGTE ee pe niece ae 183-8 

Dise, and Gosurdte 25-6 sien ooo 881 
Circuit for Measurement of Small 

Power-Angle Oscillations, Recti- 

fier. Rogers, Robertson......... 339-40 
Circuit, Relation Between Voltage 


Drop and Load Balance in an 

Open-Y Distribution. Apostol, 

Wickstrom. 2: 2472... 0. 434-7 and 474 
Circuit, Some Elementary Notions 


Relative to the Dielectric. 

Ewing? 2. see: ete 1434-40 
Circuits, An Analysis of Copper-Oxide 

Rectifier. Huss....... 354-60 and 366-7 


Circuits, Complex Vectors in 3-Phase. 


Sah. (Dec. 1936, p. 1356-64) 
Disevangd closures) + es ses ee 610, 1030 
Circuits, Dyadic Algebra Applied to 
3 Phase. Sah. (Aug. 1936, p. 
876-82) 
Dise ane closures. > eee eens 610, 1030 


Circuits, Part III: A-Y Connection, 
Current and Voltage Loci in 3- 


Phase. Seletzky, Sibila......... 341-3 
Circuits, Tensor Algebra in Trans- 
former. Bewley. (Nov. 1936, p. 
1214-19) 
Die ee. eae oe 614 
Circuits, Tensor Analysis of Multi- 
electrode Tube. Kron. (Nov. 
1936, p. 1220-42) 
Dies x: I ee > oe ee ee 614 
Circuits Under D-C Transient Condi- 
tions, Coupling Between Parallel 
Earth-Return. Gould.......... 1159-64 
Clock, Unusual Electric. (Filler).... 1140 


Code for Apparatus Noise Measure- 
ment, A Proposed Test. Com- 
mibice Heporkeg eee. see ore a5 6 at 1079-82 


Coincidental Electric Drives. Miller. 578-82 
Bise: andvclosure. >>: ta52 0 Ses 1307 
Columbia Basin Project, The. Dar- 


inn Shc oe ce A ees es 5.2 1339-45 
(Com. Rep.) A Proposed Test Code 
for Apparatus Noise Measure- 


WONG oo a nha ee eee = ee 1079-82 
(Com. Rep.) Basic Impulse Insulation 

Levels. EEI-NEMA........... 711-12 

Dise: and. closure. . 07. 3. 5.022. 1298, 1405 


(Com. Rep.) Distribution Lightning 


Arrester Performance Data...... 576-7 

Dise, Ane ClOSUTe ss 4 ee A ae 1507 
(Com. Rep.) First Report of Power 

Sysient Stability...2., a2 eee see 261-82 


Dise: and. closures:20 4-5 eee ee 632, 1204 
(Com. Rep.) Flashover Characteristics 
of Rod Gaps and Insulators. 


EEI-NEMA Report............ 712-14 
Dise, 20 2st see 1510 
(Com. Rep.) Insulation Strength of 

‘Transiormers. ...0c-. .2 oe eee 749-54 
Dises and ‘closure... eae 1297, 1406 
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(Com. Rep.) Report of the Board of 
Directors. oe. ae rye irae 791-804 
(Communication) A  Million-Cycle 
Telephone System.............. 4-7 
(Communication) A Review of Radio 
Interference Investigation. San- 
Ord WElkGls Sone teens ene ante 1248-52 
(Communication) Calorimetric Meas- 
urement of Dielectric Losses in 
Solids. Race, Leonard. (Dec. 
1936, p. 1347-56) ; 
Dise? and closures]: eee ere 
(Communication) Coupling Between 
Parallel Earth-Return Circuits 
Under D-C Transient Conditions. 


(Communication) Inductive Co-or- 
dination of Common-Neutral 
Power-Distribution Systems and 
Telephone Circuits. Coleman, 
Dayiss aoe cee 17-26 and 189 
Dise; and closvre..feee ee ee 889 
(Communication) Magnetic Genera- 
tion of a Group of Harmonics. 
Peterson, Manley, Wrathall....995—-1001 
Communication, Police Radio. White, 


(Communication) Radiotelephone 
Noise Reduction by Voice Control 
ab ELeCelver, © LAV lOTsse eee ete 

(Communication) Scientific Research 
Applied to the Telephone Trans- 
mitter and Receiver. Colpitts.. 

(Communication) The Design of In- 
ductances for Frequencies Be- 
tween 4 and 25 Megacycles. Pol- 


1441-8 


Wright 2.) Saocee a eee "1012-17 - 


(Communication) Transmission Lines 
at Very High Radio Frequencies. 


Commutators, Are Characteristics 
Applying to Flashing on. Hell- 
mid. Oe eh a eee eee 

Diseand closure..5..wee ee «nee 

Complex Vectors in 3-Phase Circuits. 

Sah. (Dec. 1936, p. 1356-64) 
Disc: and closure > race e serie 610, 1030 

Compounded Rectifiers, Self-Regu- 
lated. Goodhue, Power. (Nov. 
1936, p. 1200-05) 


Dise... snd. closure. oe 26 eee 606 
Comprehensive Method of Determin- 
ing the Performance of Distance 
Relays: AT Nebersict sn eee 833-44 
Disce.andjelosure. tee. 26s. . cae 1515 
Computer Eliminates Calculations, 
Electrical. Hedin. .....2.0525.. 787-90 
Conductors, Currents, and Potentials 
Along Leaky Ground-Return. 
Sunde. (Dec. 1936, p. 1338-46) 
DiSci-s sec pers oa token ae eee 887 
Contact Drop and Wear of Sliding 
Contacts. Baker, Hewitt....... 123-8 
Dise. and‘closures. o.meieeet ee eee 605 
Contactors, Impulse Operation of 
Magnetic. Stansbury........... 583-8 
Dise: and..closares.4.. eee eee 1307 
Contactors, Switching Surges With 


Transformer Load-Ratio Control. 
Blume, Bewley... aoe a ee 1464-75 
Contributions to Synchronous-Ma- 
chine Theory. Langsdorf....... 
Dises and closures. see 
Control and Recording Equipment for 
Model of Cape Cod Canal, Elec- 
trical Water-Level. 
Control at Receiver, Radiotelephone 
Noise Reduction by Voice. Taylor 
Control Contactors, Switching Surges 
With Transformer Load-Ratio. 
Blume: (Bewleyaees eer 1464-75 
Control Gap for Lightning Protection, 
The. Higgins, Rorden. (Sept. 
1936, p. 1029-34) 
Disc; andrclosures. see ee 
Control in Cold-Strip Mills, Tension 
Measurement and. Hathaway, 


971-4 
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Control, irouhanical High-Speed Re- 
oe -sistance-Welder. 
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(CREO ie ehae 5 Rr 715-20 
Discs and closure... ds... ue... . 1296, 1407 


Copper-Oxide Rectifier Circuits, An 
Analysis of. Huss..... 354-60 and 366-7 
Copper, Relaxation of (Abs.)........ 857 
Cores, Intersheet Eddy-Current Loss 
in Laminated. Bewley, Poritsky. 
Corona, Distortion of Traveling Waves 
by. Skilling, Dykes............ 
Corona Loss From High-Voltage 
Transmission Lines, Empirical 
Method of Calculating. Carroll, 
ROGR tele Maines es eg 558-65 
(Coulee Dam) The Columbia Basin 
Project. OBTIANG... « 6sctsye. vnc cs 1339-45 
Coupling Between Parallel Earth-Re- 
turn Circuits Under D-C > Tran- 
sient Conditions. Gould........ 1159-64 
Current and Power Inrushes Under 
Load, Transformer. Kurtz...... 989-94 
Current and Voltage Loci in 3-Phase 
Circuits. Part III: A-Y Con- 
nection. Seletzky, Sibila........ 
Current Ignitors, Low. Toepfer..... 810-12 
Current Loci in the General Linear 
A-C Network. Hazeltine....... 325-30 
Currents and Potentials Along Leaky 
Ground-Return Conductors. 
Sunde. (Dec. 1936, p. 1338-46) 


344-6 
850-7 


Currents, Proposed Recommendations 
for Measurement of Surge Volt- 
AOR BNE “CPMIEr) sss wae 3 

Currents Under Unsymmetrical Ter- 
minal Conditions, Alternator 
Short-Circuit. Miller, Weil..... 1268-76 
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Democracy, Engineering Education 
RNGSe MOnGEEY:. «ae a cn SES he one 1073-76 
Design of Inductances for Frequencies 
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Design, Pole Flexibility as a Factor in 
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Development of a Modern Watt-Hour 
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Development of Standards Material. 

Montsinger, Farrer..........--- 653-4 


Dielectric Circuit, Some Elementary 
Notions Relative to the. Ewing. 1434-40 
Dielectric Losses in Solids, Calori- 
metric Measurement of. Race, 
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p. 1306-13) 
DisGwanarelOsure sacs veneers dears «« 632 
Lightning Investigation on Trans- 
mission Lines—VI. Lewis, Foust. 
ERIE Hehe ol simisis eavararsl 101-6 and 189 
Disesand closure. ccc. uces sss sus 624 
Lightning Protection for Transmission 
Lines. Gothberg, Brookes...... 13-16 
PES Greraettastoiar-n 4 doo hein o Bee ae 631 
Lightning, Protection of Power Lines 
PAPAIN Sten WOW cerratd sala, antes Gave 314-18 
Lightning Protection, The Control Gap 
for. Higgins, Rorden. (Sept. 
1936, p. 1029-34) 
SG~ Gd- CLOSE... cit haces Gens ore OR 1036 


Lightning Strokes in Field and Labora- 
tory—II. Bellaschi............ 1253-60 

Limiters, Short-Circuit Protection of 
Distribution Networks by the 


INO ORM NORINS 2, hak Seen tes whew’ 1191-6 
Lines at Very High Radio Frequencies, 
Transmission. Reukema........ 1002-11 


Load Balance in an Open-Y Distribu- 
tion Circuit, Relation Between 


Voltage Drop and. Apostol, 
IWlokstemrn:: tS he theese 434-7 and 474 
Load Loci for Transformers in Parallel. 
SOIGURE Wie ae hah cymes Sakae ates 1379-84 
Load Losses of D-C Machines, Stray. 
Schilling, Koopman,............. 1487-91 
Load-Ratio Control Contactors, 
Switching Surges With Trans- 
former. Blume, Bewley........ 1464-75 
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Measurements of insulator 
movement and return. These 
graphs plot the measurements 
of the cap and pin movement 
of an O-B insulator under 
successive increases up to the 
ordinary maximum working 
load. Notice how the insu- 
lator parts return to their 
original positions when load 
is released. This is Insured 
Return! 


1889H 
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UTS part of her job--to get into “fearful 
i and wonderful” positions--and it re- 
quires the utmost in flexibility. Suspen- 
sion insulators, too, get out of shape in 
the performance of their job, and must 
possess flexibility to have long life. 


Mechanical and thermal loads stretch the 
metal parts of insulators, a factor which 
would be serious if the cap and pin were 
not able to take this stretching without 
damage and return to normal position 
quickly and surely upon release of load. 


O-B suspension insulators are designed 
to provide this quick return to normal. 
Extensive checks on their behavior under 
varying loads and temperatures prove 
the soundness of the designs. And now 
O-B steps forward and guarantees Insured 
Return in its suspension insulators. 


OHIO BRASS COMPANY 


MANSFIELD, OHIO, U. S. A. 


Canadian Ohio Brass Company, Limited 
Niagara Falls, Ont., Canada 


The Marke that means_— 
Insured Return in Suspension Insulators 
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Comer Turley, 
mechanical 
superintendent, 
Pepperell Mfg. 
Co., Lindale, 
Georgia 


bo 


It paid Pepperell to replace antiquated, 
deficient electric wiring 


With approximately 2,000 motors in the plant of Pepperell 
Mfg. Co. at Lindale, Ga., burn-outs have been so reduced by 
installing over-size feeders that in five years there has not been 


room motor because of overload. “The practice of installing 
over-size feeders is good insurance and saves on power bills,” 


: a single case of rewinding on a spinning-frame, loom, or card- 
says Comer Turley, Mechanical Superintendent, “yet it involves 


il only a small additional investment since labor cost is the same. 


| We design feed lines for a load from 50% to 100% greater than 
eV . : ° ” 
tee, immediate requirements. 


General Offices: 25 Broadway, New York « Chicago Office: 20 North Wacker Driv 
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i dripping faucet 
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Neglecting electrical circuits costs 
factory owners thousands in 
breakdowns... high power bills 


OU can see a faucet dripping. But an overloaded 

electric circuit may be wasting money in the form 
of heat losses without your ever knowing it. Only the 
treasurer, wondering why bills are so high, suspects that 
something must be wrong. 


Heat losses are but one way in which dollars fly out 
the window needlessly when electrical circuits are neg- 


lected. Frequent breakdowns are another. Men and Outstanding characteristics of this Anaconda cable 
machines stand around idle. Or, voltage drops reduce arco. Lesiremathable sta ility.s This bas been ‘dem 
; onstrated by tests as well as by use in the field. 2. 
machine output. Lumped together, the damages the The compound is highly resistant to moisture, acids 
industrial plant suffers from antiquated, deficient wiring and alkalies. 3. Low susceptibility to combustion 
a : : and explosion. 4. Its heat-resisting characteristics 

are often enormous. And authorities estimate that nine permit large emergency overloads. 


out of ten industrial plants today are being penalized because Write for data on Duracode 
of obsolete electric wiring! 


Safeguard your plant 


A wiring survey will cost you nothing and may save 
you thousands of dollars. We offer here a complete 
plan for such a survey. The books shown at right give 
you everything you need to initiate a check-up of your 
plant’s circuits. New, informative, they are being used 
by hundreds of manufacturers. Send for them today. 

If you have a specific problem in mind, consult our 
Engineering Department. We will cooperate without 
obligation. Why not take advantage of the many im- 
portant improvements in cable design pioneered by 
Anaconda Wire & Cable Co.? Let us tell you about them. 


FREE! The “Indus- 
trial Wiring Survey” 
tells how to make a 
check-up of electrical 
circuits. The “Indus- 
trial Guide for the 
Selection of Wire & 
Cable” tells how to / 


V : / 
ng S; 
correct conditions g Wey 
found. Both books / | | 
will be sent free. 3754" / / 


ANACON pA 


from mine to consumer 
7 ‘ 


sous par.orn, 


es Offices in Principal Cities 
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With the VARIAC.. .the right voltage every time 


Thousands of enthusiastic users testify to the general utility of the VARIAC™® continuously adjustable 
autotransformer for use in hundreds of different applications where exactly the right voltage is required 
on any a-c operated device. 


The VARIAC is the original continuously adjustable manual voltage control with these exclusive features 
found in no resistive type of control unit. 


e EXCELLENT REGULATION—output voltages are independent of load up to the full load rating 
of the VARIAC. 


HIGH OUTPUT VOLTAGES—vartacs supply output voltages substantially higher than the 
line voltage. 


SMOOTH CONTROL—tThe VARIAC may be set to any predetermined output voltage with 
absolutely smooth and stepless variation. 


HIGH EFFICIENCY—rxceptionally low losses at both no load and at full power. 
SMALL SIZE—VARIACS are much smaller than any other voltage control of equal power rating. 


LINEAR OUTPUT VOLTAGE—output voltages are continuously adjustable from zero by means 
of a 320 degree rotation of the control knob. 


CALIBRATED DIALS—vaRIACs are supplied with dials which read directly in output voltage 
or in output voltage as a percentage of line voltage. 


SMALL TEMPERATURE RISE—tess than 50 degrees C. for continuous duty. 
ADVANCED MECHANICAL DESIGN—Rugged construction—no delicate parts—two or more units 


may be ganged on the same shaft to control several circuits simultaneously. 


VARIACS are stocked in fourteen models with power ratings from 170 watts * Trade name VARIAC is 


to 2 kw; special units to meet the exact requirements of individual users may Office. VARIACS oe 


be obtained promptly and economically in quantity. Prices on the stock ge. once ye S. Patent 
models range between $10.00 and $40.00. hays dee date tic sake Et! 


Radio Company. 
Write for Bulletin 208 for Complete Data 


GENERAL RADIO COMPANY 


Cambridge, Massachusetts 
BRANCHES: New York Los Angeles San Francisco 


MANUFACTURERS OF RADIO AND ELECTRICAL LABORATORY APPARATUS 
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KERITE CABLES 
CAHOKIA STATION 


UNION ELECTRIC LIGHT AND POWER CO., ST. LOUIS 
INSTALLED 1927 


THE KERITE Wise déxsre COMPANY [S¢ 


NEW YORK CHICAGO SAN FRANCISCO 
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Equipment For WPA Projects.—Electrical 
machinery, apparatus and supplies valued 
at nearly $10,000,000 went into projects of 
the Works Progress Administration in the 
first 26 months of its operation up until 
September 1, 1937 according to records of 
the WPA Division of Research, Statistics 
and Records. All of the purchases for 
Federal account were by the Procurement 
Division of the United States Treasury 
Department after open competitive bidding. 
Asa general rule, the purchases were in com- 
paratively small lots and bid awards went 
to dealers in the immediate vicinity of the 
projects. Direction of work at Bonneville, 
Grand Coulee and in the Tennessee Valley 
for which extremely large orders for electrical 
equipment, apparatus and supplies were 
authorized, are not under the WPA and 
these purchases are not included in the 
above totals. 


Floodlighting Freight Yards.—The Penn- 
sylvania Railroad is installing 53 General 
Electric floodlights in the Enola freight 
yards, west of Harrisburg, Pa., one of the 
largest yards in the country. Initially 
type AL-34 incandescent units, equipped 
with 1000-watt lamps will be installed and 
later, if more light is desired, 1500-watt 
lamps will be installed. Groups of 15, 18, 
14, and 6 lights will be mounted on towers 
located in various parts of the yard. 


Coast Wire Plant Completed.—Western In- 
sulated Wire, Inc., has completed construc- 
tion of its plant at 1001 E. 62nd St., Los 
Angeles. A. D. Nast, Jr., formerly of 
Sickle, Heath & Nast, Chicago, is president, 
and E. H. Lewis, formerly design engineer 
in charge of wire and cable, of General 
Electric Co., and later general manager of 
the Hatfield Wire & Cable Co., is vice- 
president. The company will manufacture 
all types of rubber covered wire. 


New Suspension Insulators.—Two rugged 
suspension insulators, one of petticoat de- 
sign and one with a smooth disc, have been 
announced by the Ohio Brass Co., Mans- 
field, Ohio. These insulators, known as 
Huskitypes, are provided with high impact 
resistance to minimize breakage. The petti- 
coat-type is intended for use on lines which 
are subject to rock throwing and which 
demand an insulator with standard flash- 
over values and full leakage distance. The 
other type, designed to deflect missiles from 
its smooth under surface without damaging 
the insulator, is for use on lines which are 
subject to gun fire. Although these insula- 
tors are special types, they possess the same 
mechanical and electrical characteristics as 
the standard O-B types. 


Low Loss Molding Material.—The Bake- 
lite Corporation, New York, announces the 
development of Bakelite polystyrene mold- 
ing material, which possesses a loss factor of 
less than .00058, a power factor of less than 
.0002, and a dielectric constant of 2.60 at 
60, 1,000 and 1,000,000 cycles. This new 
material is said to offer marked advantages 
for many electrical products and equipment 
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parts. Its dielectric strength is more than 
500 volts per mil; its resistivity 10% meg- 
ohm-centimeters; and its arc resistance 240— 
250 seconds. Tests indicate that no notice- 
able change occurs in electrical properties 
with an increase in temperature or humidity. 
In addition to electrical advantages the 
new material provides uniformity in mold- 
ing; freedom from crazing or surface diffi- 
culties; permanence of dimension; and 
high resistance to water, acids and alkalies, 
with extreme durability and toughness. 


Increased Business for Westinghouse — 
Orders booked by Westinghouse Electric & 
Mfg. Company for the nine months ended 
September 30 amounted to $191,200,758 as 
compared with $134,148,358 for the same 
period in 1936, an increase of 43 per cent. 
Sales billed for the nine months were 
$154,839,997 as compared with $115,992,637 
for the like period in 1936, an increase of 33 
per cent. 


New Armco Sales Manager.—-Murray B. 
Wilson, associated with the American Roll- 
ing Mill Co., Middletown, Ohio, since 1923, 
has been named sales manager of the New 
York sales district. He succeeds Cliff Spear, 
who was forced to curtail activities because 
of continued ill health. 


Clock Industry Large Wire User.—Over 
100,000 pounds of copper wire of approxi- 
mately the diameter of a human hair will be 
used by the Warren Telechron Company, 
Ashland, Mass., in the construction of coils 
for its synchronous electric clocks this year. 
The wire averages 28,000 feet per pound. 


New Okonite Sound Film.—The Okonite 
Company, Passaic, N. J., has completed a 
new two-reel sound film showing how rubber 
insulated wires and cables are made and 
used. Lowell Thomas is the narrator. It 
will be shown in 16 mm and 35 mm sizes 
to those interested in the subject. 


iDeade Micrarace 


Testing Instruments.—-Bulletin A, 4 pp. 
Describes measuring and testing instru- 
ments for the laboratory design and quality 
control of radio frequency components and 
materials. Boonton Radio Corporation, 
Boonton, N. J. 


Machining Aluminum.—Booklet, 32 pp. A 
detailed treatment of the machining of 
aluminum and aluminum alloys. Alumi- 
num Company of America, Gulf Building, 
Pittsburgh, Pa. 


Teletype Communication.—Booklet, 24 pp. 
Describes teletype communication systems, 
for all phases of railroad operation. Tele- 
type Corporation, 1400 Wrightwood Ave., 
Chicago, IU. 


Capacitors.—Catalog 142. Describes | 
mounting and constructural features of 
box-type capacitors for correction of low 
power factor in industrial plants. Power 
Factor Div., Cornell-Dubilier Electric 
Corp., South Plainfield, N. J. 


Washers and Stampings.— Catalog ‘‘Over 
20,000 Varieties.” Describes diversified 
products and services available to electrical 
manufacturers. Wrought Washer Mfg. Co., 
Milwaukee, Wis. 


Switches.— Bulletin 920A, 8 pp. Describes 
a comprehensive line of remote control 
switches. Profusely illustrated with draw- 
ings and photographs showing details of 
operation, applications, etc. Automatic 
Switch Co., 154 Grand St., New York City. 


Capacitors.— Bulletin 3582, 8 pp. Describes 
unit type distribution capacitors for pole 
mounting developed to meet the demand for 
small capacity single-phase units. Products 
Protection Corp., P. O. Box 904, New 
Haven, Conn. 


Motors.—Bulletin, 24 pp. Presents com- 
plete data on all types of fractional horse- 
power motors, repulsion start induction, 
split phase, capacitor, polyphase, direct 
current, with suggestions as to how they can 
be most effectively applied. Century 
Electric Co., St. Louis, Mo. 


Industrial Lighting Equipment.—Catalog 
26, 352 pp., loose leaf. The book, in addi- 
tion to supplying complete commercial data, 
thoroughly details a vast number of specifi- 
cations, engineering recommendations, floor 
layout plans, etc. Benjamin Electric Mfg. 
Co., Des Plaines, Il. 


Motors.—Bulletin 122, 2 pp. Describes 
flash-proof, type AA Motors, 2- and 3-phase 
a-c squirrel cage. Bulletin 124, 2 pp., de- 
scribes explosion proof, type AA motors, 
squirrel cage, 2- and 3-phase. Reliance 
Electric & Engineering Co., 1088 Ivanhoe 
Road, Cleveland, Ohio. 


Capacitors.—Bulletin GEA-2561A, 8 pp. 
Describes Pyranol distribution capacitors, 
individual pole-type units, class ID, for im- 
proving the power factor of feeders. These 
new units are compact and readily installed 
with either crossarm mounting or direct 
bolting to the pole. General Electric Co., 
Schenectady, N. Y. 


Heat Conservation.—Booklet, “Heat,” 48 
pp. Describes early theories and discoveries 
concerning the nature of heat, methods of 
heat transfer, and the development of ma- 
terial designed for insulation and radiation of 
heat losses. Profusely illustrated with more 
than 70 charts, photographs and drawings on 
all phases of the subject. Johns-Manville, 
22 KE. 40th St., New York City. 


Condenser Tubes.—Booklet, 28 pp., “A 
Study of Tube Corrosion in the Marine and 
Power Fields.’ Contains practical informa- 
tion on condenser tube corrosion and its 
primary causes, together with the most 
economical remedies. Included are ASTM 
specifications and interesting description of 
the process of modern condenser tube 
manufacture. Chase Brass & Copper Co., 
Waterbury, Conn. 
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CHECK THE ADVANTAGES OF 
AMERICAN | STEEL & WIRE ‘COMPAN 


FOR INCREASING. LOAD: 


7 ARNISHED Cambric Insulated generator leads where heat, high volt- have developed a special type of 
Cables are showing superior ad- age and the effects of oil would Varnished Cambric Cable which is 
vantages in many cases where loads shorten the life of rubber insulation. even more resistant to continuous 
have been increased. This type of American Steel & Wire Company high temperatures than the standard 
insulation has the ability to with- Varnished Cambric Cables are avail- type. Inquire about our “high-tem- 
stand continuous high temperatures able in either braided or lead sheathed perature” varnished cambric. 


without deterioration, and it is not insulation and are suitable for service Loads have been increased and 
injured by contact with insulating or up to 10,000 volts, and higher if lead may be increased further. We will be 
lubricating oils or greases. For these sheathed or properly shielded. glad to show you how our Varnished 
reasons it has become widely used For applications where heat resist- Cambric Cables can be of economical 


for apparatus cables, and motor and ance is of primary importance we assistance to you. 


VARNISHED CAMBRIC INSULATED CABLES 


ASME AG sal heb oe awe Rea O MPRA NY 
Cleveland, Chicago and New York 


Columbia Steel Company, San Francisco, Pacific Coast Distributors - United States Steel Products Company, New York, Export Distributors 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


DECEMBER 1937 


(oe) 


@ Weather is as nothing in the life of an Aluminum Meter Case. 

Does that suggest things to you? Outdoor cases are common-sense 
convenience — to the consumer, who doesn’t want to be bothered 
by your meter readers, and who actually fears criminal impostors—as 
well as convenience to you, because you want results from every call 
your readers make, and because you want to stop current diversion. 

Outdoor installations are practical with cases made from Alcoa 
Aluminum. They don’t rust, so painting is unnecessary; there is no 
danger of corroding through, or of staining adjacent walls. 

The advantages sum up to cash savings, quickly canceling the 
slightly greater cost. From reliable manufacturers you can get cases 
pressed from Alcoa Aluminum sheet, or die cast with intricate lugs, 
bosses, and identifying marks cast integrally. They can be made to 
your specifications. If you wish we will send you the names of manu- 
facturers who can supply you with cases made from Alcoa Aluminum. 


ALUMINUM COMPANY OF AMERICA, 2149 Gulf Building, Pittsburgh, Pa. 


ON 


COAG ALU 


Made from Alcoa 
Aluminum Sheet 


Die Cast from 
Alcoa Aluminum 
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CRESCENT 


INSULATED WIRE AND CABLE 


To meet the rigid requirements formulated by the gov- iii of 
ernment, engineering societies and various railways and a Series of 
utilities, CRESCENT maintains a close and constant Sidelights 
check in every step of wire and cable manufacture. in the 


- . Pp : 
Above, twirling fingers provide a check on accuracy roduction 


of 
of dimension, for which the uninitiated might call us CRESCENT 
fanatics. But, we are particular on this point in order WIRE and CABLE 
to insure proper load capacity and easy fishing. 


DECEMBER 1937 Please mention ELECTRICAL ENGINEERING when writing to advertisers 


A.I.E.E. STANDARDS. 


THE Standards of the American Institute of 


Electrical Engineers now comprise forty-six 
sections on electrical machinery and apparatus. 
They are chiefly devoted to defining terms, con- 
ditions, and limits which characterize behavior, 
with special reference to acceptance tests, 
and many of them are recognized officially as 
American Standards. 


The Standards available are listed below, together with prices. A discount of 50% is allowed to Institute members. 
Such discount is not applicable on extra copies unless ordered for other members. Numbers of the Standards Sec- 
tions should be given when ordering. A binder (illustrated above) for standards is available. Long wearing stiff 
covers, resembling leather, lettered in gold. Price $1.75 net. 


(Figures in Parentheses Give Dates of Latest Editions) 


No. 1. General Principles Upon Which Temperature *61 Specifications for Soft or Annealed Copper 
Limits Are Based in the Rating of Electrical Wire. (Nos. 60 and 61 published as one 
Mecmian(CEID)s 006 noe avencuocd ones $0.20 Pampitiet)i(O-28 i. ccs asta ete teraener sta .30 
4 Measurement of Test Voltage in Dielectric *C8.4 Specifications for 30 Per Cent Rubber Insula- 
Tests!(5208 vee Ler eid trices eens ale 30 tion for Wire and Cable for General Pur- 
*C50 Rotating Electrical Machinery, Supersedes Nos. poses (1936)... ee esse sree eee ees -20 
BP7, Spo ands 10, C490) a a wae eae 1.30 *C8.5 Specifications for Cotton Covered Round 
Ala) [ROTINWER IMTS GETA); . sn bonedncoucoucee .50 See Magnet Wire. (See C8.7 for 
. : DIiGes) s< Ba steus ial Se eee ene es 
8 Se pane eee” (1 ale R ne ae *C8.6 Specifications for Silk Covered Round Copper 
SL eor30) nduction Kegulators and Keac- 40 Magnet Wire. (See C8.7 for price.)..... 
na + ; 5 ake ee 3 se oe tee eae "30 *C8.7 Specifications for Enameled Round Copper 
panei ranstonmels; (G25) semen n titer sets : Magnet Wire. (C8.5, 8.6 and 8.7 pub- 
*15 Industrial Control Apparatus (5-28)........ .40 lished as one pamphlet) (1936).......... 30 
*16 Railway Control Apparatus (1-33)......... 40 *C8.11 Code Rubber Insulation for Wire and Cable 
*17f Mathematical Symbols (Q-98).............. 30 for General Purposes (1936). .........-- .20 
*1791 Letter Symbols for Electrical Quantities (11-28) .20 *C8.12 Cotton Braid for Insulated Wire and Cable for 
*1732 Graphical Symbols for Electric Power and General Purposes (1935). ........--+45- -20 
WiringrC1234 ign eens ee eee eee 20 *C8i1G) Iiree Wire €overingsiGl936)).ssreine aerate .20 
*1733 Graphical Symbols for Radio (1-34)........ .20 *C8.17 Class OA 30 Per Cent Rubber Insulation for 
*1795 Graphical Symbols for Electric Traction In- Wire and Cable for General Purposes 
cluding Railway Signaling (1-34)......... 40 (1936)... Seen Be Serene eee .20 
*17g6 Graphical Symbols for Telephone and Tele- *C8.18 Weather Resistant Wire and Cable URC Type 
graph Use (3-29) ee ees "On a 20 (1936) oe. eo: 6» eis 9) <0 <6. @, Site) ul ose) wl @lleMtelenei fer slteMel eo) sje .20 
#1 Gn Gapacitorsn(O- 54) eee ti ae sen eeee .20 *72 Speaiiicatons for Weatherproof Wires and 
1 Om @ileGircuitereakers(@7-25) merrier .30 . Ca ee Gee No. 73 for price.). ee wane 
90 Air Circuit Breakers (5-30) 30 73 Specifications for Heat-Resisting Wire and 
Dj FAM eA San epee ace : Cables. (Nos. 72 and 73 published as one 
22 Disconnecting and Horn Gap Switches (7-25) .30 pampniet)'(O-32) nc. oe ae ae eee ee .20 
26 Automaticotations (5-30)....0.... anise ne .30 100 Recommendations for the Operation of Trans- 
27 Switchboards and Switching Equipment for formers (6-30). ea teeeerc ee eee .20 
Power GNA Aight CO=30) nines sae cok a 30 500 Test Code for Polyphase Induction Machines 
£28 m Hightningi\rmesters|(S-30) seinen ieee 30 (DBD Pat eee eee 50 
BO) Wines @inel Callas GOD). coacnetoncousuc .40 a Saraken 
33 Electrical Measuring Instruments (1-27)...... .30 Total Cost of Complete Set............... $14.10 
“eyo; Sionensre [amarives (OI). on oe cocacnsuncac .20 * Approved as American Standard. 
*38 Electric Arc Welding Apparatus (1-34)... .. 40 
*39 Electric Resistance Welding Apparatus (1-34). .30 
o7famincdlstors (330)t ys eee 30 SECTIONS IN PREPARATION 
*49 sels tet Electrical Equipment of Buildings Eight such sections are now available in report form for 
(GOO 3 ee Ries. ony See ee nee ante .20 purpose of criticism, and copies will be sent without charge 
45 Beoomenace plecice Foy) tear Installa- upon request. These sections are as follows: 
tlonstOnronl > OOarc Gl. O=30)mnnnseei aerate 1.50 No.6 Mercury Arc Rectifiers. 40 Electrical Recording | : 
*46 Hard Drawn Aluminum Conductors (6-27)... . .20 19A Oil Circuit aaa Tens. 7 oa laa 
*60 Specifications for Tinned Soft or Annealed sirecesed fevision ot Noe 7) aaa re pode for trenstorme 
Copper Wire. (See No. 61 for price.).... 23 Relays. . ates ee 
25 Fuses Above 600 Volts. — Test Code for D-C Machines. 
, : : . 33 West 39th 
American Institute of Electrical Engineers New a ae 
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NEW INDOOR TYPE CUBICLE 


SWITCHGEAR 


tii 
@ 


ee 


- ertreeseeeeaemestrtet sen tessneoeesmeeraeeetnseereegeeee 
AS oie: 


Red Dots Show Emergency Manual 
Tripping Buttons on Outside of Cabinet 


INCEALED OPERATING HANDLE 


can insure continuity of service and at the same time cut installation 
s with this new Allis-Chalmers Indoor Type Cubicle Switchgear, factory 
smbled in one complete unit. All that you have to do is connect the leads. 
manually operated units, the CONCEALED oil circuit breaker handle, with 
emergency manual tripping button outside, assures safety to your atten- 
ts and reduces to a minimum the space necessary for efficient operation. 
s-Chalmers Cubicles are easy to install, ruggedly constructed, provide maxi- 
safety and reliability, and are made easily accessible by means of 


ged doors and panels. Modernize your control room with new, up-to-date 


s-Chalmers Indoor Type Cubicles. 


SWITCHGEAR DIVISION 


Plastics that Withstand 
Temperatures Up To 500°F. 


RELATIVE IMPACT STRENGTHS 
of Three Types of Bakelite Molded after Baking at 500° F, 


Jah Lent Medium High General 
Ea sane Heat existent Purpose 


Resistant 


250 


.200 } - 


150 ee 


100 


FOOT-POUNDS ENERGY to break sample 5°x!4'x}4" 


HOURS BAKED 


at §00° F. 


ees 


> 


Heater plug, ovenware handle, switch base and electric iron control knob of High Heat Resistant Bakelite Molded. 
Chart shows effects of baking at 500°F. on three types of Bakelite Molded. 


EW opportunities for advan- 

tageous use of plastics have 
been created by the development of 
special types of Bakelite Molded 
that are even more resistant to 
heat than General Purpose Bakelite 
Molded. 

High Heat Resistant Bakelite 
Molded, for example, not only re- 
tains useful impact strength after 
long exposure at temperatures up 
to 400°F., but also remains highly 
impact-resistant in limited service 
at 500°F. Test samples show a 


BAKELITE 


TH E 


CEOSK PEO RAy Tol OR Ngee eA ae ea AGR ale 


BAKELITE CORPORATION OF CANADA. LIMITED. 163 Dufferin Street. Toronto, Canada 


"The registered trode marks shown above distinguish materials 
monvfaciured by Bokelite Corporation. Under th 


reduction in breaking strength of 
only 5% from original value after 
72 continuous hours at 500°F. 

Combined with thermal endur- 
ance, High Heat Resistant Bakelite 
Molded possesses characteristic 
advantages of all Bakelite plastics: 
moldability; self-contained color 
and lustre; high weight-strength 
factor; dielectric strength and re- 
sistivity; and unusual resistance to 
moisture, common solvents, dilute 
acids and alkalies. 

In addition to heat-resistant types 


K 


REGISTERED 


& 8 PAT, OFF. 


© copital “'B" is the 


AVENUE, 


West Coast: Electrical Specialty Co., Inc., 316 Eleventh Street. San Francisco, Cal. 


LITE 


of Bakelite Molded,numerous other 
special varieties are available to 
fulfill special chemical, electrical 
or mechanical stress requirements. 
Engineers and designers are invited 
to consult our laboratories for 
recommendations of specific types 
for specific applications. 

Write for comprehensive refer- 
ence booklet 33M, “Bakelite Mold- 
ed”, which contains A.S.T.M. data 
on the various types. 


Visit Bakelite Booth No. 17 at 1937 Chemi- 
cal Show, Grand Central Palace, New York. 


NEW 2 YcO RiK gee ae 


numerical sign for infinity, of unlimited quantity It symbolizes the infinite 
number of present ond future uses of Bakelite Corporation's products’* 


MATEREAL OF A THOUSAND UWSES 
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I GET MORE MILES 


TO THE GALLON 
FROM YOUR GAS. 


DUAL - PROTECTED 


WITH TAPED END: TURNS 


@ Westinghouse Motor windings are protected 
both ELECTRICALLY and MECHANICALLY. Slot 
portions are given mechanical and dielectric 
strength to resist electrical breakdowns by a 


Ae combination slot-cell, and end-turns are indivi- 

FROM INCOMING LINE 10 DRIVEN MACHINE dually taped. Perfect electrical insulation is 
¢ assured by process-controlled impregnation treat- 

ments with the highest-grade varnishes obtainable. 

Added to this, Westinghouse, and Westinghouse 
Westinghouse alone, combines SEALED SLEEVE BEARINGS and 


rigid ONE-PIECE FRAMES. When you buy electric 
YNDIVIDED RESPONSIBILITY 


motors, demand these three features and you’ll 
make sure of getting More Motor Mileage. Call 
your nearest: 


VE WESTINGHOUSE OFFICE ELECTRICAL WHOLESALER 

MULTIPLIES THE VAL INDUSTRIAL AGENT MOTOR DEALER 
Westinghouse Electric, East Pittsburgh, Pa. 
J 20322 


HOUSE SERVICE 


WESTING 7 


NEW “DE-ION” SAFETY 
SK (DC) MOTORS LINESTARTERS SWITCHES 
Industry’s most Most important The ex¢ aa sd 
 genere forward step in Westinghouse 
popular general- Hedda Seai 
. se direct- the entire his dian I 
sehen 5tO tory of Motor ed jaw construc- 
current motor. Control equip- tion multiplies 
ment. contact life. 
DECEMBER 1937 Please mention ELECTRICAL ENGINEERING when writing to advertisers 


ROLLER-SMITH @znounces 
The 
New 
Type REF 
AUTOMATIC 
VOLTAGE 


REGULATOR 


This new device has no moving parts, no moving con- 
tacts, no tubes. In fact, it will last a lifetime without 
any maintenance expense and without any attention. 


This Roller-Smith REF AUTOMATIC VOLTAGE 
REGULATOR provides a source of constant voltage for 
many laboratory and production applications such as meter 
testing, life tests on lamps, instrument calibration, etc. 


Available now in 1, 2%, 5, 744 and 10 KVA sizes. 
Send for your copy of Catalog AE-10, Section 1. 


ROLLERSMITH COMP: 
[Electrical Measuring and Protective Apparatus 


MAIN OFFICE <s WORKS 
12 Park Place, New York Bethlehem, Pa. 


SALES AGENTS IN PRINCIPAL CITIES IN U.S. A. AND CANADA 


The soft, bluish, green white 
light of high intensity mercury 
vapor lamps improves visibil- 
ity, maintains a more acute vi- 
sion by eliminating eye fatigue 
and providing greater seeing 
power. A restful, glareless in- 
tense light, ideal for intricate 
assembly work. But to assure 
these greater advantages to the 
vision, extra production and 
lower lighting costs, specify 
the installation of ACME M.V. 
transformers, the key to perfect 
performance. Write for FREE 
ENGINEERING CATALOG. 


THE ACME ELECTRIC & MANUFACTURING CO. 
22 WATER STREET e CUBA, NEW YORK 


Science Abstracts 


Att electrical engineers actively 

engaged in the practice of 
their profession should subscribe 
to ‘Science Abstracts.” 


Through “Science Abstracts” 
engineers are enabled to keep in 
touch with engineering progress 
throughout the world, as one hun- 
dred and sixty publications, in 
various languages, are regularly 
searched and abstracted. “Science 
Abstracts” are published in two 
sections, as follows: 


**A’?_PHYSICS—deals with electricity, 
magnetism, light, heat, sound, 
astronomy, chemical physics. 

*“B’’—ELECTRICAL ENGINEERING— 
deals with electrical plant, power 
transmission, traction, lighting, 
telegraphy, telephony,wireless tele- 
graphy, prime movers, engineering 
materials, electrochemistry. 


Published monthly by the Insti- 
tution of Electrical Enginers, Lon- 
don, in association with the Phys- 
ical Society of London, and with 
the cooperation of the American 
Institute of Electrical Engineers, 
the American Physical Society and 
the American Electrochemical So- 
ciety, they constitute an invaluable 
reference library. 


Through special arrangement, members of 
the A. I. E. E. may subscribe to ‘Science 
Abstracts” at the reduced rate of $5.00 for each 
section, and $10 for both. Rates to non- 
members are $9.00 for each section and $15.00 
for both. Subscriptions should start with the 
January issue. The first volume was issued 
in 1898. Back numbers are available, and 
further information regarding these can be 
obtained upon application to P. F. Rowell, 
Secy., I. E. E., Savoy Place, Victoria Em- 
bankment, London W. C. 2, England. 


American Institute of 
Electrical Engineers 


33 West 39th Street 
New York 


TUTTI UALLLLLLLLLLLLLL eee LLL eLL LLL LLULLLP eee LLLLLOLLLLLL ooo LLL eee OCLOLCOOOLCLOCLLOOOSLULLO LDR LALELOLLOOSOOLOOURUPMGUOOOLUUODMMSOOUDOOOOOLOOOUCUMMOOOLCCOOOODOMOOUDUOLOOOOUOOOODOOOOOUUCONOUOUODNOOODLNODUPCOUODUNOOLUDGOU DSSOUUCMNLOOODMGUUULOOOOOLNOOUCNOOOOUNOOUDLOOUUIsIOCOOUOLNOOOUUTNUOUSIDNSUUUVNOUOUUNTOUOVUNOOUUNNIOOOULNOUUOLUOOOULINOUUULUNOOUSUUNOOULUNOOOUODLNOUOLINOOQUUUTNOUUUUDLNOOOUUUUNOUOLULUOUUUULUUUUUUULONUADCDLONLOUD 


nec 
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ELECTRIC CURRENTS of FOUR DIMENSIONS 


A DIRECT CURRENT has one characteristic quality, magnitude. 
Magnitude may be greater or less. Magnitude of direct current may 
be measured and the measurement of magnitude may be expressed 
precisely and completely by the usual numbers of arithmetic. These 
numbers, extending, in one unbroken series, upward to infinity, 
are numbers of one dimension. The character of a direct current is 
adequately expressed by numbers of one dimension. So we say, 
a¥direct current is a current of one dimension. 


An alternating current has two characteristic qualities, magnitude 
and phase. Magnitude and phase may both be measured and may 
be expressed by using two of the usual numbers of arithmetic. Two 
numbers correspond to two dimensions. So we say, an alternating 
current is a current of two dimensions. 


Expression of a two-dimensional quantity by two one-dimen- 
sional numbers is good. Expression of a two-dimensional quantity 
by one two-dimensional number is better. 


What numbers are two-dimensional? The complex numbers are 
two-dimensional. That is why the complex numbers furnish the most 
logical, the most simple, the most useful symbols for alternating 


currents. 
eee 


Ann alternating current is assumed to have a simple sinusoidal 
wave form. Sometimes this assumption is unwarranted. Harmonics 
deform wave form and a single harmonic may change a wave form 
greatly. 


An alternating current with one harmonic has four characteristic 
qualities; magnitude and phase of fundamental and magnitude and 
phase of harmonic. These four qualities may be measured and may 
be expressed by using four of the usual numbers of arithmetic. Four 
numbers correspond to four dimensions. So we say, an alternating 
current with an harmonic is a current of four dimensions. 


[Expression of a four-dimensional quantity by four one-dimen- 
sional numbers is good. Expression of a four-dimensional quantity 
by two two-dimensional numbers is better. Expression of a four- 
dimensional quantity by one four-dimensional number is best. 


What numbers are four-dimensional? The bifoliate numbers are 
four-dimensional. That is why the bifoliate numbers furnish the most 
logical, the most simple, the most useful symbols for an alternating 
current with harmonic deformation of wave form. 


This principle, four-dimensional number for four dimensional 
current, is developed, step by step, each step with diagram, each 
diagram with corresponding number, in the .......... 


ARITHMETIC of the ALTERNATING 


by Robert A. Philip Price Three Dollars 


Ss 
A BOOKLET amplifying this advertisement will be sent free upon 
request to one mentioning ELECTRICAL ENGINEERING and this 
advertisement. 


THE MONOGRAPHIC PRESS ° 106 Washington St., FAIRHAVEN, MASS. 


ROWAN 
OIL IMMERSED CONTROL 


—is supplied in many types for the requirements of industry 


a SSA - = best 


i in the develop- 

WAN engineers have spent a quarter of a century int > 
ee of oil leer control equipment for electric motors which 
operate in dirty, corrosive and hazardous atmospheric locations. 


Write for specifications on oil immersed control equipment to 
meet your particular requirements. 


OWAN CONTIG 


THE ROWAN CONTROLLER CO., BALTIMORE, MD. 
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STATION TYPE 


Designed to give positive indica- 
tion of the presence of potential, 
2,000 volts and up. 


Its sensitivity is independent of 
external capacities. Made of 
Hard Rubber rod, 24 inches long. 
There is 12 inches of solid rubber 
between the handle guard and in- 
ternal metal parts. 


THE POCKET TYPE 
Adapted for underground cables. 
Write for Bulletin No. 155 


MINERALLAC ELECTRIC COMPANY 
95 N. Peoria Street Chicago 
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Professional Engineering 
Directory 


For Consultants in Engineering and Allied Sciences 


SARGENT & LUNDY 


Incorporated 


ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 


BLACK & VEATCH 
Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


4706 Broadway KANSAS CITY, MO. 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


A card here will keep your 
name and specialized service 
constantly before 19,000 
readers of this publication. 


35 East Wacker Drive CHICAGO 


GEORGE T. SOUTHGATE 


ELECTRICAL AND 
THERMAL ENGINEER 


Consultant in 
Design, Process and Patent Matters 


Office and Laboratory 
114 East 32nd Street 


JACKSON & MORELAND 
ENGINEERS 


Public Utilities—Industrials 
Railroad Electrification 
Designs and Supervision—Valuations 
Economic and Operating Reports 


BOSTON NEW YORE 


NEW YORK 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 
Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 


Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


80 BROAD STREET NEW YORK 


To appear in the following 
issue, cards must be re- 
ceived not later than the 
20th day of the month. 


Z. H. POLACHEK 


Reg. Patent Attorney 
Professional Engineer 


PATENT—TRADE MARK SPECIALIST 
Individual or Yearly Basis 


1234 Broadway Phone 
(At 31 St) NEW YORK Longacre 5-3088 


J. W. WOPAT 
Consulting Engineer 
TELEPHONE ENGINEERING 
Construction Supervision 


Appraisals—Financial 
Rate Investigations 


303 East Berry St. Fort Wayne, Indiana 


SANDERSON & PORTER 


J. G. WRAY & CO. 


ENGINEERS Engineers 
FINANCING—REORGANIZATION— iliti i i 
DESIGN—CONSTRUCTION eth) apu LAS! erpPonaee 
of Appraisals Construction Rate Surveys 
INDUSTRIALS and PUBLIC UTILITIES Plans Organizations Estimates 


Financial Investigations Management 
105 West Adams St., Chicago 


Chicago New York San Francisco 


WHEN YOU 


require technical advice—or 
a solution to an engineering problem— 


CONSULT THIS DIRECTORY 
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Employment 
Bulletin 


Engineering Societies Employment Service 


MAINTAINED for their members by the national so- 
cieties of civil, mining, mechanical, and electrical 
engineers, in co-operation with other organizations. An 
inquiry to any of the three offices will bring full information. 

weekly bulletin of engineering positions open is 
available to members of the co-operating societies at a 
subscription of $3 per quarter or $10 per annum, payable 
in advance. 

In the interest of effective service, it is essential that 
members using the employment service keep the bureau 
office serving them advised at reasonable intervals con- 
cerning their availability for employment, concerning any 
change in status, and immediately upon acceptance of any 
employment, 


Employers interested in the following announcements 
should address replies to the key numbers indicated, and 
mail to the New York office. 


Men Available 


ELEC ENGR, des—pwr plants, swbds, sub- 
stations, transm lines, distr systems, ry egpt, 
street Itg. Estimating, specification writing. 
Supervision of constr, oprn, maintenance. Desires 
responsible pos. Location immaterial. E-126. 


E.E., have had responsible charge elec des, constr, 
oprn pwr stations, substations, overhead under- 
ground transm; also office bldgs, large indus 
plants including mech maintenance; investigations, 
reports stream flow water storage. E-141. 


E.E., pwr supt, married, 38. Employed past 10 
yrs in charge elec system comprising hydro and 
steam plants, substations and transm net work 
serving 15 cities. Prefers West or Middlewest. 
E-132. 

ELEC SUPT OR DISTR ENGR, exper pub 
util oprtg, des, constr, valuation, etc., domestic 
and foreign service. NY State license. Location 
Perri: Sales engg or exec pos preferred. 
E-133. 

GRAD E.E., ’29, single, 30, seeks permanent 
connection So. Am. mining co as pwr supt, plant 


mgr. Now employed, available Feb ’38; 3 yrs 
pwr supt, 2 yrs juniorengr,GEtest. E-134. 
COMMERCIAL ENGR, grad, licensed; 6 yrs 


engg elec util; 9 yrs rates, budgets, pub contact, ad- 
vertising, indus promotion. Wishes pos head rate 
dept or asst to a top utilexec. E-139. 


M.E.E., B.E.E., Cum Laude, 1937, age 23. 
Honor man, scholarship, award for outstanding col 
achievement, Delta Pi Epsilon. Pos desired af- 
fording engg exper and advancement. Present resi- 
dence: NYC. E-125. 


E.E., 23, 1936 grad, research induction machines; 
year’s exper oprtg automatic Diesel generating 
plants. Inventive, resourceful. Present location 
NY. Go anywhere. E-127. 


RECENT GRAD, B.E.E., M.E.E., interested in 
magnetic circuits and machy; des or research. 
Publications. Awarded AIJEE National First 
Prize. Tau Beta Pi, Eta Kappa Nu, Grad Fel- 
low. Location, East preferred. E-128. 


E.E., B.S., Univ of Denver, 1937, single, 22. 
Desires pos in indus firm or pub util. Location im- 
material. E-129-8951-Chicago. 

_B.S., E.E., NYU, 1936. Indus E.E., Pratt, 1933. 
Single, 25. One yr RCA radiotron managerial 
training course. Desires start in illum or motor 
field. Location East. Available immed. E-130. 


B.S., E.E., Villanova Col, 1934. Exper in pres- 
sure gauge assembling and calibrating; also flow 
meters. Pos with pub util or instrument firm de- 
sired. Location, East. Salary secondary. E-136. 

B.E., B.S., 19387, honor student, grad study, ex- 
per testg machy; now employed; desires pos in 
pwr transm, circuits or work of similar nature. 
alk secondary, future and job more important. 
2-140. 

B.S., E.E., 34, single, 26; 23 mos exper: Util, 
meter reader, collections, complaint investigator, 
emergency lineman. Salary and location secondary 
to opportunity foi training for distr engg. E-135. 

ELECTRICIAN-SWBD OPERATOR, married, 
31; 14 yrs exper maintenance, instal, oprtg, draftg 
with mining, ry, pub util, indus concerns, Foreign 
exper, speaks Spanish. Location East. Perma- 
nent pos desired. Tech training. E-137. 

E.E., Cornell, 1931; 6 yrs mfg small elec parts 
and molded plastics. Familiar with factory meth- 
ods and handling personnel. Employed. Loca- 
tion desired, East. E-131. 

_ RESEARCH ENGR with broad exper in collec- 
tron, compilation and analysis of experimental 
and statistical data is available for solving prob- 


lems relative to the oprn of elec or radio systems. 
E-138. f 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK SAN FRANCISCO CHICAGO 
31 W. 39th St. 57 Post St. 211W/.Wacker Dr. 
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Electrolytic capacitors for 
intermittent starting service. 


Oil-filled paper capacitors 
for continuous service, 


Widest choice of container 
styles, terminals, mountings, 
etc. 


F ROL 
/ SEOAIVANY USA 
eee 


Both standard and 
units available. 


special 


o Put that capacitance problem up to 

AEROVOX engineers. ‘They'll 
work out the correct answer. Not only 
will you get the proper capacitor for satis- 
factory service, but you'll save many dol- 
@ lars as well. 


All based on engineering ex- 
perience second to none. 


Having pioneered the elec- 
trolytic motor-starting capaci- 
tor, AEROVOX knows best 
what you require. 


e CORPORATION 


70 Washington St. as Brooklyn, N. Y. 
IN CANADA:> AEROVOX CANADA. Limited Hamilton. Ont. 


WANTED 


OPIES of the January and October 
(1936) issues of ELECTRICAL 


ENGINEERING are required. 


If you care to dispose of your copies 


please mail them (parcel post) to Ameri- 
can Institute of Electrical Engineers, 33 
West 39th St., New York, printing your 
name and address upon the enclosing 
wrapper. Twenty-five cents, plus post- 
age, will be paid for each copy returned. 


STtoP WATCHES 


METER TESTING 

or RPM CHECK 
LABORATORY USE 
TIME STUDIES, ETC. 


Ask for FREE folder No. 12 fully illus- 
trating and describing some 40 types of 
stopwatches. No salesman will call. 


REPAIR for all kinds of plain and complicated 


stopwatches. Send to us for esti- 
mates; no charge no obligation. 


SERVICE 


The largest utilities, industries and universities 
are included among our customers 


Tel Heed ped DA MEYLAN 268, West doth St 


NEW YORK CITY 
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INSULATING 


HERE’S SLOT INSULATING PAPER 
THAT CAN TAKE IT! 


It takes real toughness and stretch to protect motor 
coils as they are pounded into their slots. Manning 
insulating papers have this toughness. But what’s more, 
they retain their toughness after continued heat. As 
they contain only chemically pure cellulose, they do 
not tend to become brittle, and can be depended up- 
on to prevent ground failures. A 
special mechanical finishing proc- 


OTHER 
MANNING 
DISTRIBUTORS 


Pittsburgh 


ess insures high dielectric strength. 


MANNING 300 


Highest quality non-chemical, all-rag ten Co. 
iver . 
paper. Extremely tough. Superior heat on et 
; Fe : t. 
aging qualities. All sheets are given an iaselaticn: ine 


over-all dielectric test at 300 volts per mil. 2127 Pine St. 


Los Angeles 
C. D. LaMoree 
1325 San Julian St. 


San Francisco 
C. D. LaMoree 
1889 Mission St. 


Seattle 
C. D. LaMoree 
305 First Ave., So. 


Philadelphia 
Staub-Towle Co. 
18 W Chelton Ave. 


Boston 
Ingalls-Cronin Co. 
10 High St 


MANNING B 


Highest quality non-chemical, 50% rag 
paper. Made by the same process as 
Manning 300. Unusually tough. Good 
A high density 
paper of superior quality at a lower price. 


heat aging qualities. 


National Distributors 


INSULATION MANUFACTURERS CORP. 


565 West Washington Blvd. 1105 Leader Building 
Cleveland, Ohio 


Chicago, Illinois 
DETROIT © MILWAUKEE © MINNEAPOLIS e PEORIA 
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AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETERS, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


BATTERY CHARGING APPARATUS 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


BRUSHES, COMMUTATOR 
National Carbon Co., Inc., Cleveland, O. 


BUS BAR SUPPORTS 
General Electric Co., Schenectady, N. Y. 


CABLE ACCESSORIES 
Anaconda Wire & Cable Co., New York 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric €o., Chicago 


CAPACITORS 
Aervox Corp., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


CIRCUIT BREAKERS 
Air-Enclosed 


General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


CLAMPS, GUY & CABLE 


Malleable Iron Fittings Co., Branford, Conn. 


CONDENSERS, ELECTROSTATIC 
Aerovox Corp., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Westinghouse E. & M. Co., E. Pittsburgh 


CONTACTS, TUNGSTEN, ETC. 


Fansteel Metallurgical Corp., N. Chicago, III. 


CONTROLLERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Rowan Controller Co., Baltimore, Md. 
Westinghouse E. & M. Co., E. Pittsburgh 


CONVERTERS, SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


DYNAMOS 
(See GENERATORS AND MOTORS) 


ELECTRONIC TUBES 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Reliance Electric & Engg. Co., Cleveland 
Westinghouse E. & M. Co., E. Pittsburgh 


GROUND RODS 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 


INSTRUMENTS, ELECTRICAL 
Graphic 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 
Indicating 

Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
G-M Laboratories, Inc., Chicago 
Leeds & Northrup Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


Integrating 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
G-M Laboratories, Inc., Chicago 
Westinghouse E. & M. Co., E. Pittsburgh 


Scientific, Laboratory, Testing 
Acme Elec. & Mfg. Co., Cuba, N. Y. 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Leeds & Northrup Co., Philadelphia 
Reller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


INSULATING MATERIALS 
Cloth 
Minerallac Electric Co,, Chicago 
Westinghouse E. & M. Co., E. Pittsburgh 
Compounds 


Minerallac Electric Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Westinghouse E. & M. Co., E. Pittsburgh 
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INSULATING MATERIALS (cont'd) 
Moulded 


Bakelite Corp., New York ¢ 
Westinghouse E. & M. Co., E. Pittsburgh 
Paper 
Insulation Manufacturers Corp., Chicago 
Tape, Friction 


Minerallac Electric Co., Chicago 
Okonite Company, The, Passaic, N. J. 


Roebling’s Sons Co., John A., Trenton, N. J. 


Westinghouse E. & M. Co., E. Pittsburgh 


Varnishes 


Bakelite Corp., New York 
Minerallac Electric Co., Chicago ~ 
Westinghouse E. & M. Co., E. Pittsburgh 


INSULATORS, PORCELAIN 
General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, O. 
Westinghouse E. & M. Co., E. Pittsburgh 


LIGHTNING ARRESTERS 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


LOAD RECORDERS—CONTROLLERS 
Leeds & Northrup Co., Philadelphia 
LOCOMOTIVES, ELECTRIC 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 
METERS, ELECTRICAL 
(See INSTRUMENTS, ELECTRICAL) 
MOTORS 
(See GENERATORS AND MOTORS) 


POLE LINE HARDWARE 


Malleable Iron Fittings Co., Branford, Conn. 


Ohio Brass Co., Mansfield, O. 
POLE MOUNTS 


Malleable Iron Fittings Co., Branford, Conn. 


RECTIFIERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


REGULATORS, VOLTAGE 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


RELAYS 
General Electric Co., Schenectady, N. Y. 
G-M Laboratories, Inc., Chicago 
I-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


RESISTORS 

Aerovox Corp., Brooklyn, N. Y. 

General Radio Co., Cambridge, Mass. 

G-M Laboratories, Inc., Chicago 

Ohmite Mfg. Co., Chicago 

Westinghouse E. & M. Co., E. Pittsburgh. 
RHEOSTATS, LABORATORY 

General Electric Co., Schenectady, N. Y. 

G-M Laboratories, Inc., Chicago 

Ohmite Mfg. Co., Chicago 

Westinghouse E. & M. Co., E. Pittsburgh 
SHEETS, ELECTRICAL 

Carnegie-Illinois Steel Corp., Pittsburgh 


SUB-STATIONS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SURGE ABSORBERS 
Ferranti Electric, Inc., New York 
SWITCHBOARDS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


SWITCHES, AUTOMATIC TIME 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 
SWITCHES, DISCONNECT 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


SWITCHES, GENERATOR FIELD 

I-T-E Circuit Breaker Co., Philadelphia 
TOWERS, TRANSMISSION 

American Bridge Co., Pittsburgh 


TRANSFORMERS 
Acme Elec. & Mfg. Co., Cuba, N. Y. 
Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Westinghouse E. & M. Co., E. Pittsburgh 
TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


RBINES 
ag Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


WATCHES, STOP 
Meylan, A. R. & J. E., New York 


WELDERS, ARC 
General Electric Co., Schenectady, N. YY; 
Westinghouse E. & M. Co., E. Pittsburgh 


WELDING WIRE , 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


WIRES AND CABLES 


Aluminum 
Aluminum Co. of America, Pittsburgh 


Armored Cable 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins.Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Asbestos Covered 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Bare Copper 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 
Crescent Ins. Wire & Cable Co., Trenton, wf: 
Roebling’s Sons Co., John A., Trenton, N. J. 
General Cable Corp., New York 


Bronze 
Copperweld Steel Co., Glassport, Pa. 


Copper Covered Steel 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 


Flexible Cord 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins.Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Heavy Duty Cord 
American Steel & Wire Co. Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Var. Cambric Ins.) 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Okonite-Callender Cable Co., Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. 


Magnet 
American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Rubber Insulated 
American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Tree Wire 
American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Weather proof 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Pasesion J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
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MAINTAIN THE NATI 
HIGHWAYS OF SPEECH 


‘TELEPHONE MEN 
need good equipment to 
do a good job and to give 
you good service. Western 
Electric apparatus is right 
in design and right in qual- 
ity—made specially to fit 
the needs of the Bell Tele- 


phone System. 


Quick, nation-wide de- 
livery by Western Electric, 
dramatic in time of fire, 
flood or other emergency, 
is no less important in 
meeting the day-by-day re- 


quirements of Bell 


System service. 


BELL SYSTEM SERVICE IS BASED ON Western Electric QUALITY 
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The New FERRANTI 


PHASE ROTATION 


INDICATOR 


This new instrument vastly 
simplifies the job of de- 
termining the direction of 
phase rotation on a three- 
phase supply. It will be 
found practically indispens- 
able where metering equip- 
ment is concerned. Test 
engineers have many op- 
portunities to make advan- 
tageous use of the new 
Ferranti Phase Rotation In- 
dicator. 


Operation is extremely simple. 
Rubber insulated clips, numbered 
1, 2 and 3, distinguish the phases 
to which they should be attached. 
Direction of rotation of the disc. in 
the indicator tells at once whether 
phase marking is correct. Unmarked 
bus-bars or leads can also be marked 
correctly by determining phase rota- 
tion with the Ferranti Indicator. 


Write now for detailed specifications of this new highly useful instrument. 


FERRANTI ELECTRIC, Inc. 


30 Rockefeller Plaza 
New York City 


M.I. F. Through-bolt Guying Specialties 


Led by the M. I. F. Through-bolt Guy Hooks, these Guying Specialties are now 
being used from Maine to California and from Canada to Mexico, with relatively 
They are specified also 


few gaps, by the leading Light and Power Companies. 


for R. E. A. guying. 


Guy Hooks—The P 135 type illustrated is for 
R.E. A. projects and other light construction. Rated for 
Priced at 
$15.60/C, F. O. B. Branford, and lower in quantity. 
P 134 Guy Hook for mounting on crossarm is rated at 
10,000 Ibs. as there is no supporting lag. 
P 133 Guy Hook, rated at 16,000 Ibs. on 54” bolt 
and at 20,000 Ibs. on 34” bolt, is type of most uni- 
versal application. Still larger P 132 Guy Hook, rated 
at over 35,000 Ibs. on 1” bolt may be installed with 
second through-bolt, thereby increasing capacity. 
Sometimes used for two 34” guys at corners. 
stresses are placed on poles by attachments to through- 
bolts, then the same through-bolts should logically be 
used for attaching the guys by means of Guy Hooks. 


Eye Nuts and Anchor Rods—P 198 Thim- 


bleless 54” Eye Nut now priced at $12.60/C is being 
used by most Companies using these Guy Hooks. 


13,000 Ib. strand on 5” through-bolt. 


Larger 


Where 


ples and Descrip- 
tive Literature. 
Trial  Assort- 
ments at 100-lot 
prices. 


Also furnished assembled on high-strength steel rods as Thimble-less Eye Bolts and Anchor 
Rods at attractive prices. Larger sizes, Bolt Eyes, and Double Eye Nuts also available. 


Curved Washers—The most complete line available anywhere from P 143, 3” x 3” 


at $6.60 /C up to P 119, 6” x 6” at $42.00/C. 


All prices lower for larger quantities. 


MALLEABLE IRON FITTINGS COMPANY 


Pole Hardware Dept. 


Factory and N. 
England Sales Office ] Branford, Connecticut 
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BANCROFT HALL “4 
U. S. Naval Academy, Annapolis, Md. 


here’s definite 
proof that 


—Rewiring Bancroft 
Hall with Four No. 12 Wires (Federal Spec. 
JC-106) to replace Two No. 14 Wires to 


take care of increased loads. 


—Construction of 
building made installation of new conduit 
highly impractical. Old %2’’ conduit, half 
laid in 1904 and balance in 1918, badly 
rusted in many places; runs up to 140 ft. 
between pull boxes; two or three bends to 
each run, most of them 90 degree elbows. ... 
And the job had to be done in the heat of 
the Summer when the Midshipmen were 
off on their ‘‘shakedown’’ cruise. 


REWIRED 


The Largest Dormitory of its kind 
in the World 


—Hundreds of thou- 
sands of feet of MORE WIRES OF 
HEAVIERCAPACITY pulledthrough inrec- 
ord time with practically no trouble—AND 
NO OTHER LUBRICANT was needed, 


except in a few isolated instances, than 


CRESCENT SAFECOTE “SLICK” FINISH. 


—There’s proof of 
the economy and ease of installation of 
CRESCENT SAFECOTE when put to the 
test. When you want to cut time and 
labor costs on your installations—remember 
Bancroft Hall and get in touch with the 
nearest Crescent Representative. 


‘ ii AS ane cal 


Electsic Power — THE DRIVING FORCE OF AMERICA 


Bennett 


OILOSTATIC 


(Reg. U.S. Pat. Off. ) 


TRANSMISSION SYSTEM 


ILOSTATIC is not offered as a general substitute for 

the usual type of conduit construction in which dis- 
tribution and transmission circuits are carried beneath 
busy city streets. Rather, it is offered as a reliable, rugged 
and flexible underground cable construction capable of 
effecting large savings in appropriate applications. 


In open country and for many routes approaching heavy 
load centers it can often compete with overhead line con- 
struction. It is particularly applicable where overhead 
construction would involve high right-of-way costs and 
where there are physical conditions adverse to towers or 
pole lines. 


OILOSTATIC will solve perplexing problems that may 
arise in connection with electrification projects, tunnels, 
bridges, railroad embankments, highways, airports, parks 
and golf courses; or in crossing swamps, rivers, lakes and 


bays. 


Two OILOSTATIC installations, one at 132 kv. and one 
at 66 kv. are already in successful operation. 


Distinctive features of OJLOSTATIC: 
NO DUCTS--NO LEAD SHEATH. NO VOIDS IN 
THE INSULATION. HIGHER DIELECTRIC 
STRENGTH. GREATER INSULATION STABIL- 
ITY. INCREASED CURRENT CARRYING CA- 
PACITY. NO PRACTICAL VOLTAGE LIMITS. 


Our engineering services are always available. Inquiries on 
specific projects are invited. 


THE OKONITE COMPANY 


Founded 1878 
and 


HAZARD INSULATED WIRE WORKS DIVISION 


THE OKONITE-CALLENDER CABLE COMPANY, 
EXECUTIVE OFFICE: PASSAIC, N. J. 


INC. 


New York Boston Chicago Detroit 
Philadelphia Pittsburgh Washington San Francisco 
Los Angeles Seattle Dallas Atlanta 


Factories: Passaic, N. J. Wilkes-Barre, Pa. Paterson, N. J. 


